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STATUS OF CLAIMS AND CLAIMS UNDER APPEAL 



Claims 1-5 were cancelled in the Preliminary Amendment filed April 17, 2001. 
Claims 204, 205, and 237 were cancelled in the Amendment filed February 17, 

2004. 

Claims 254-256 were cancelled in the Amendment filed November 21, 2005. 

Claims 6-235 and 240-242 stand withdrawn, by the Examiner, from consideration 
as being directed to a non-elected invention. Claims 204 and 205 were cancelled by 
Appellant and thus were incorrectly identified by the Examiner as being withdrawn. 

Claims 245, 246, 248, 249, 252, 264-267, 272-279, 286, and 287 were cancelled 
in the Amendment filed October 15, 2007. 

In view of the above-identified withdrawal and cancellation of claims, the 
correctness of the Examiner's Final Rejection of claims 236, 238, 239, 243, 244, 247, 
250, 251, 253, 257-263, 268-271, and 280-285 under 35 U.S.C. §112, first paragraph, for 
lack of enablement constitutes the sole issue on appeal. 



STATUS OF AMENDMENTS 



The sole amendment made or entered subsequent to the Final Rejection of 
September 22, 2006 is the Amendment filed October 15, 2007 canceling claims 245, 246, 
248, 249, 252, 264-267, 272-279, 286, and 287. In the Examiner's Answer dated January 
24, 2008 (hereinafter "the Answer"), the Examiner stated that the Amendment had been 
entered. 



GROUNDS OF REJECTION FOR REVIEW ON APPEAL 



Appealed claims 236, 238, 239, 243, 244, 247, 250, 251, 253, 257-263, 268-271, 
and 280-285 stand finally rejected under 35 U.S.C. §112, first paragraph, as failing to 
comply with the enablement requirement. 



ARGUMENT 

Rejection of Claims 236, 238, 239, 243, 244, 247, 
250, 251, 253, 257-263, 268-271, and 280-285 
Under 35 U.S.C §112, First Paragraph 

The Answer contains inaccuracies and raises a number of new issues which are 
addressed below in the instant Reply Brief. The inaccuracies and new issues are 
addressed in chronological order for the convenience of the reader. 

At page 8, paragraph 4 of the Answer, the Examiner raises a new issue regarding 
timing of treatment by citing Murry et al. (hereinafter "Murry"). Apparently, the 
Examiner relies upon Murry, for the first time in this record, to bolster the prior 
allegation that timing of treatment required a great amount of experiment. Note that the 
paragraph bridging pages 21 and 22 of the Answer does not rebut Appellant's prior 
assertion that Strauer does not support the Examiner's position regarding timing of 
treatment. For the Examiner to now disregard the three Strauer et al. publications 
(hereinafter "Strauer 2002, 2003, and 2005" respectively and all of record) that show that 
both acute and chronic conditions are treatable and further cite Murry to support her 
position is not understood by Appellant. Murry discloses transplanting skeletal muscle in 
the heart of a murine model, while Strauer 2002, 2003, and 2005 disclosed the formation 
of new arteries and cardiac muscle in the heart of human patients. Surely, evidence from 
Strauer 2002, 2003, and 2005 is clearly more probative of the timeliness issue because 
such evidence tracks the claimed subject matter. 

The Examiner at page 14, lines 1 and 2 and at page 33, lines 12 and 13, concludes 
that growth of new arteries to repair dead/damaged heart tissue by cell therapy has not 



been achieved by workers in the art. Appellant agrees that the state of the art at the time 
the instant application was filed does not disclose the growth of new arteries. However, 
there can be no doubt that post-filing publications, including Orlic et al., cited previously 
by the Examiner (hereinafter "Orlic"); Strauer 2002; and Dohmann et al. (copy furnished 
by the Examiner in the Answer and hereinafter "Dohmann") confirm Appellant's 
disclosed and claimed results, i.e., heart repair and formation of a new artery and new 
cardiac muscle. 

Orlic describes injecting bone marrow stem cells into murine models having 

infarcted hearts and provides autopsy confirmation of the formation of arteries and 

arterioles (small arteries). Note that Orlic, as well as Dohmann, used the term "smooth 

muscle actin" to positively identify the formation of a new artery in the respective 

autopsies. Orlic used enhanced green fluorescent protein to identify the formation of 

endothelial cells. Unlike capillaries, which are composed of endothelial cells, arteries 

and arterioles additionally require smooth muscle cells. In this regard, please see Orlic at 

page 702, left column, top of page, where it is stated: 

This allowed us to identify each cardiac cell type and to 
recognize endothelial and smooth muscle cells organized in 
coronary vessels (Fig. 3a-c; see also Supplementary 
Information). The percentages of new {emphasis added by 
Appellant) myocytes, endothelial cells, and smooth muscle 
cells expressing EGFP was 53 +/- 9% (n=7), 44 +/- 6% ) 
(n=7) and 49 +/- 7% (n=7), respectively. 

From the foregoing, one skilled in the medical art would have no difficulty in 
recognizing the Orlic work resulted in growth of new arteries, as well as the growth of 
new cardiac muscle. 
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Strauer 2002 used the term "neovascularization" (page 1913, abstract) to describe 

the results of the administration of mononuclear bone marrow stem cells to a heart of a 

human patient to achieve repair. Obviously, neovascularization includes new artery 

formation, not merely capillary formation, in view of the impressive improvement (page 

1917, top of page) in heart function described therein. Note further at page 1916, right 

column, paragraph 1 to where it is disclosed: 

... in several animal infarction models it has been shown 
that: (1) bone marrow hemangioblasts contribute to the 
formation of new vessels {emphasis added by Appellant); 
(2) bone marrow hematopoietic stem cells differentiate 
into cardio myocytes, endothelium, and smooth muscle 
cells [ref8-13... 

Note that ref 1 1 of Strauer 2002 in the above quotation is the Orlic publication. 
Being that Strauer 2002 and Orlic administered bone marrow stem cells to achieve heart 
repair, one skilled in the medical art would readily recognize that Strauer 2002 also 
formed new arteries and muscle. 

Contrary to the Examiner's inaccurate, new allegation, Dohmann provides 
evidence that earlier trials involving implantation of bone marrow stem cells resulted in 
new artery and new muscle formation and heart repair via autopsy confirmation on a trial 
patient. Such trials involved injection (page 2, abstract) of bone marrow stem cells into 
the heart of a human patient to repair the heart. Please note that Figures 3C, D, and E on 
page 9 of Dohmann indicate that the smooth muscle walls comprise many cell 
thicknesses of smooth muscle and that smooth muscle actin was identified in the autopsy. 
As is well known in the medical art, capillaries comprise tubes of one cell thickness 
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devoid of smooth muscle cells. An artery must include at least endothelial and smooth 
muscle cells. 

At page 8, under "Immunocytochemistry Findings," lines 6-8, Dohmann states 

that: 

The vascular tree of the anterolateral wall showed intense 
labeling in the blood vessel walls {emphasis added by 
Appellant), which had a marked hypertrophy of smooth 
muscle cells (Figure 3 D). 

Dohmann uses the word "new" to describe the formation of blood vessels. See 
page 11, paragraph 3, line 1 to the bottom of the page in this regard. Inasmuch as 
Dohmann, along with Orlic and Strauer 2002, describe obtaining endothelial cells and 
smooth muscle cells, there can be no doubt that the formed new blood vessels include 
newly formed arteries. Such disclosure is clearly contrary to the Examiner's inaccurate, 
new, and unsupported assertion that a new artery is not grown and the new assertion that 
Dohmann avoided stating that new arteries had been formed. 

The Examiner at page 33 of the Answer stated for the first time that, "Dohmann et 
al. state that some of the cells had acquired cytoskeletal elements and contractile proteins; 
however. . .carefully avoid concluding that arteries had been formed in this peer-reviewed 
publication." Such statement is confusing and is not relevant to the issue of whether or 
not new arteries were grown. The main thrust of Dohmann was to support the efficacy of 
stem cell therapy by publishing that no adverse histological effects were attributed to 
stem cell injections. 

Rather than rely upon the statement in the prior paragraph, the Examiner should 
have considered the CONCLUSIONS section at page 3 of Dohmann where it was 
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reported that an "active process of angiogenesis was present" and "regeneration of the 
cardiac vascular tree and muscle" was confirmed by human autopsy. Moreover, 
Dohmann's statements regarding smooth muscle on the vessels and Figure 3 of the 
publication illustrating histological cross-sections of arteries constitute further 
confirmation to one skilled in the art that new arteries and muscle were grown. 

The fact that Appellant, Orlic, Strauer 2002, and Dohmann all administer bone 
marrow stem cells to achieve heart repair and that all three publications describe new 
artery formation would be readily understood by one skilled in the art as demonstrated 
above. Either the Examiner does not recognize that arteries necessarily contain 
endothelial cells and smooth muscle cells or is artfully relying upon a "de novo" artery 
claim construction to reach the conclusion that Orlic, Strauer 2002, and Dohmann do not 
form new arteries within the scope of the claims. Either approach constitutes error. 

Appellant submits that the Examiner has inaccurately based the above statement 
upon a failure of post-filing date publications to "report the de novo growth of an artery 
as defined by Appellant, including Strauer et al 2002." As demonstrated below, the term 
de novo artery is a fabrication of the Examiner and was never used by Appellant or any of 
the publications of record to define formation of a new artery. 

The Examiner inaccurately defines/limits Appellant's claimed invention as 
requiring a de novo artery rather than reading and comprehending the specification and 
claims. Such erroneous approach violates the tenants of Phillips v. AWFL Corp. . 415 F. 
3d 1303 (Fed. Cir. 2005) where claim terms are to be interpreted in the context of the 
specification. Instead, the Examiner coined the term de novo which remains undefined or 
authenticated by the Examiner in the field of the invention. The newly alleged 
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"translation" of de novo as "anew" at page 14 of the Answer has no nexus with the 
disclosed/claimed invention. Such purported, unsubstantiated "translation" does not 
provide evidence which supports the Examiner's determination that the claims require 
and are limited to de novo formation of arteries. The Examiner erred in conditioning the 
enablement determination upon such oblique claim construction. 

Also, at pages 8 and 9, paragraph 5 of the Answer, the Examiner erroneously 
alleges for the first time that Appellant attempted to support enablement with "numerous 
post-filing date publications..." It is clear from the record that Appellant never relied 
upon any extraneous post-filing date publications to support enablement, including the 
Strauer 2002 publication. Rather, Appellant has consistently relied upon the specification 
of the instant patent application and the unchallenged fact that the materials and 
techniques needed to practice the invention were known in the art individually, but not in 
combination, to enable one skilled in the art to form a new artery. Declarants, Dr. Richard 
Heuser and Dr. Andrew E. Lorincz, likewise relied upon the specification as a basis for 
their respective opinions that one skilled in the medical art would be enabled to make and 
use the claimed invention. 

Also at pages 8 and 9, paragraph 5 of the Answer, the Examiner, for the first time, 
addresses the subject matter of claims 270 and 271 as requiring "localized administration 
at the site of dead or damaged myocardium." The Examiner cites both pre- and post- 
dated publications as evidence that only intramuscular injection of cells directly into the 
myocardium could successfully treat a damaged heart but argues that none of these 
publications show the growth of de novo arteries. Appellant does not understand the 
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nexus between these publications and the issue of enablement in regard to the subject 
matter of claims 270 and 271 . 

At page 12 of the Answer, the Examiner raises a new issue that actual 
experiments (working examples/clinical trials) are required to enable a patent application, 
yet fails to specifically identify what protocol is missing from Appellant's specification 
that would prevent one skilled in the art from practicing the claimed subject matter. The 
Examiner's above-referenced new remarks involving "writing it down," absent evidence 
or sound reasoning, is insufficient to overcome the objective enablement provided by the 
specification. In re Marzocchi , 58 CCPA 1069, 439 F.2d 220, 169 USPQ 367, 369-370 
(1971). Apparently, the Examiner fails to appreciate that the act of "writing down" a 
"prophetic" example, which describes an embodiment based upon predicted results rather 
than work actually conducted, is sufficient to satisfy a constructive reduction to practice. 
See MPEP 2164.02 and cited case law that stands for the proposition "the mere fact that 
something has not previously been done clearly is not, in itself, a sufficient basis for 
rejecting all applications purporting to disclose how to do it." In re Chilowsky, 29 F. 2d 
457. 461. 108 USPQ 321. 325 (CCPA 1956V The use of prophetic examples does not 
automatically render a specification non-enabled. The burden is on the Examiner, when 
challenging enablement, to show by clear and convincing evidence that the prophetic 
examples, when combined with the disclosure as a whole, do not make a case of 
enablement. It is clear on this record that the Examiner has not discharged such a burden. 
Cf. Amgen, Inc.v. Chugai Pharmaceutical Co .. 927 F2d. 1200, 18 USPQ 2d 1016 (Fed. 
Cir.), cert, denied, 502 U.S. 856, (1991). Furthermore, the Examiner's requirement for 
experimentation appears to be in contrast with current Patent and Trademark Office 
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(hereinafter "PTO") practice. In rebuttal to this new issue, Appellant points to recently 
issued U. S. Patent No. 7,097,832 granted to Kornowski et al. 1 (attached hereto as 
Exhibit A). Said patent contains claims drawn to a cell therapy treatment of humans 
requiring the implantation of stem cells in the heart to grow collateral blood vessels based 
on a prophetic disclosure. Further, the Examiner's gratuitous reference to unclaimed 
inventions is irrelevant to the issue on appeal. 

The Examiner at pages 14, 15, and 16 of the Answer, for the first time, 
inaccurately cites descriptive language from three portions of the specification which 
purportedly establish that Appellant's invention requires the formation of de novo cardiac 
muscle and de novo arteries. Appellant submits that a cursory reading of such descriptive 
language establishes the inaccuracy of the Examiner's position. 

First, the Examiner failed to specifically point out wherein the specification uses 
the term "de novo'' and for good reason. The Examiner has filed to point to any specific 
statement in the record wherein Appellant described the claimed invention as requiring 
the growth of "de novo" cardiac muscle or de novo arteries, again for good reason. On 
the other hand, it is clear that Appellant has consistently used the term "new" to describe 
formation of a cardiac muscle and an artery or portion of an artery that was not in 
existence before the injection of the stem cells. 

Second, it is axiomatic that one does not look to the claims but to the specification 
for practicing the claimed invention. It is clear from pages 45 and 46 of the specification 
that Appellant has used the term "new muscle" - not the alleged de novo muscle - to 
describe the formed muscle. It is further clear from the description on pages 53, 54, 56 
and 62 (Examples 18, 19 and 36) of the specification that Appellant has given notice to 

1 The Kornowski et al. patent does not constitute a competent prior art reference. 

- 11 - 



the public by presenting several examples included under the language "new artery." One 
skilled in the art reading these Examples and the disclosure at pages 45 and 46 would 
understand that different artery formation mechanisms are described. Contrary to the 
Examiner's assertion, the various types of new artery formation described in the passages 
quoted by the Examiner, when viewed in light of the entire specification as a whole, 
establish the fact that Appellant's invention is not limited to a particular mechanism of 
artery formation. There is no requirement that Appellant understand the exact scientific 
theory/principle underlying the discovery that a new artery is formed to obtain a patent. 

For the first time, at pages 16 and 3 1 of the Answer, the Examiner alleged that the 
Amendment filed February 17, 2004, constituted an intent by Appellant to distinguish the 
claims over Murry's blood vessel growth from arteries in an integral fashion. Such 
allegation of Appellant's intent finds no support in the record and is contrary to 
Appellant's intention, as well as the record itself. Moreover, Appellant notes that the 
Examiner, at page 16, line 9 of the Answer inaccurately states that Murry "presumably" 
grew new capillaries from existing arteries. The Examiner does not specifically point to 
any disclosure or teaching in Murry that supports such erroneous presumption. Moreover, 
those skilled in the art would understand that the unipotent satellite skeletal muscle cells 
used by Murry are incapable of forming arterial collaterial blood vessels. Appellant has 
continuously argued that there is a difference in kind between the unipotent cells of 
Murry and the pluripotent stem cells of the present invention, which produces different 
results. 

Following the interview of January 6, 2004, the term "new" was added to the 
claims in light of the suggestion by Examiner Kemmerer's then supervisor, Dr. Yvonne 
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Eyler, that such amendment would be helpful to distinguish Appellant's heart repair 
method from that of Murry. Appellant's counsel stated that the claims would be 
amended to include the words "forming new arteries" rather than "forming arteries" and 
further pointed out that the specification supported such amendment. Appellant further 
stated that such amendment would be made to more clearly define differences over 
Murry and mentioned such distinction in the Amendment filed February 17, 2004. The 
distinction is that Murry fused skeletal muscle cells onto the heart of a murine model 
without any teaching of obtaining artery formation or any histological evidence thereof, 
whereas the present invention promotes growth of a new artery in the heart of a human 
patient by implanting stem cells to affect repair of a damaged heart. Accordingly, 
Appellant is surprised that the Examiner belatedly raised a new interpretation of the word 
"new." Certainly, no indication that the word "new" was understood as now described 
by the Examiner was raised during the interview by any of the three Examiners attending 
the interview, later on the record, or by Appellant. 

Appellant has continuously argued the patentability of each claim separately, i.e., 
the patentability of the claims on appeal do not stand or fall together. It is noted that the 
Examiner did not treat the patentability of each claim in the Answer despite the 
inaccurate, newly presented assertion at page 16, line 21 to page 17, line 2 of the Answer 
that pages 7-1 1 of the Office Action of September 22, 2006 treated each claim separately. 
A reasonable reading of said pages 7-11 does not support the Examiner's assertion 
because the Examiner failed to specifically address the enablement of the subject matter 
set forth in each of the claims on appeal. Rather, the Examiner treated all claims broadly 
and thus failed to address the enablement of each claim. It is apparent to Appellant, for 
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example, that the Examiner's determination failed to consider the enablement provided 
by the specification, as a whole, in regard to claims calling for injecting mononuclear 
bone marrow stem cells "in a body of a human patient" to repair "a dead portion" (claim 
268) or "a damaged portion" (claim 269) of said patient's heart or to claims calling for 
"locally placing" of "a cell" at a site "adjacent to said dead portion" (claim 270) or 
"adjacent to said damaged portion" (claim 271). Specifically, the Examiner has failed to 
provide cogent reasons why, in view of the high level of skill in the medical art coupled 
with the fact that all of the methods and materials needed to practice the invention are 
well known, skilled medical professionals apprised of Examples 18, 19, and 36 would not 
be enabled to practice the methods of the aforesaid claims without resort to undue 
experimentation. Injection of therapeutic agents via a hypodermic syringe is 
commonplace in the treatment of disease. Consequently, skilled medical workers require 
little additional guidance to perform such task, including the injection of stem cells. 
Thus, there should be no question that claims 268 and 269, which call for the injection of 
stem cells, are enabled by Appellant's specification. It is evident that in the above- 
mentioned Office Action of September 22, 2006 and in the Answer, the Examiner, by 
only broadly treating the specification and claims, erroneously dismissed many relevant 
portions of the specification related to enablement of the claimed subject matter. 

At page 17 of the Answer, the Examiner for the first time asserts that Murry 
discloses experimentation but does not specifically describe the nature and extent of the 
alleged experimentation. On the same page, for the first time, the Examiner alleges that 
Deb "speaks to the lack of enablement of any of the claims that do not require local 
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administration." Appellant is astonished by the Examiner's newly placed reliance upon 
Deb because Deb's work is not related to employing cell therapy to treat a diseased heart. 

At page 18 of the Answer, the Examiner alleges that Nabel et al. (of record and 
hereinafter "Nabel") constitutes evidence of non-enablement of the claims. A reading of 
Nabel clearly shows that there was no objective or attempt made to form a new artery and 
repair dead or damaged portions of a heart, and thus Nabel is not relevant to the 
enablement of the claimed invention. Nabel does not disclose using the type of cells 
called for by the present invention, i.e., pluripotent stem cells of the type contained in 
bone marrow, and therefore cannot relate to the enablement of treating a dead or 
damaged portion of a heart by growing new arteries and cardiac muscle. 

At pages 20 and 21 of the Answer, in response to Appellant's challenge to 
identify wherein experimentation is described by Strauer 2002, the Examiner, for the first 
time, improperly imputes that Strauer 2002 may have conducted, but not reported, failed 
experiments in an effort to bolster her case. The Examiner fails to provide evidence that 
such practice is commonplace in the medical field, and for good reason. Such rank 
speculation does not rise to the level of objective evidence. In regard to the Examiner's 
statement that Strauer 2002 's cell population is critical, it is clear from Strauer 2002 that, 
at the pages referred to by the Examiner, Strauer 2002 appears to have relied only upon 
the prior work of others, including the selection of cell population, rather than upon 
experimentation. See page 1916, right column, paragraph 1 (quoted at page 7 in this 
paper) in this regard. In any event, Strauer 2002 must speak for itself - and in so 
speaking - does not disclose experimentation, whether failed or otherwise. 
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At page 19 of the Answer, the Examiner newly raises the issue of whether 
sufficient disclosure is present to enable one skilled in the art to practice the well known 
medical technique relating to the containment of therapeutic agents. Those skilled in the 
art would recognize that little, if any, containment would be required when injecting 
therapeutic agents via a hypodermic syringe. In any event, the Examiner did not provide 
any scientifically sound reasoning or evidence as to why these Examples would not have 
enabled one skilled in the art to practice the scope of the claimed subject matter. Hence, 
such comments amount to no more than speculation and are devoid of probative value. 
Regarding the new issue raised by the Examiner that protocols for the containment 
systems for genes and cells would not be the same, the Examiner failed to offer any 
explanation or evidence that liquid therapeutic solutions, whether gene or cell based, 
would require materially different containment system. 

The Examiner on page 20, for the first time, raised a broader issue that, for genes 
and cells, i.e., "[the] scientific considerations of handling, dosage, carriers, etc. are 
completely different." Again, the Examiner offered no reasoning or evidence. Any 
skilled person in the art would be familiar with and readily understand how to handle and 
administer these materials. In rebuttal thereof, Appellant points to U.S. Patent No. 
5,980,887 granted to Isner et al. 2 (attached hereto as Exhibit B), which administers both 
genes and cells to a human patient to grow an endothelial tissue layer. A reading of such 
patent does not indicate that materially different protocols are required for genes and 
cells. It is clear that Appellant's specification treated genes and cells as belonging to a 

2 The claimed invention distinguishes from the Isner et ai. patent by injecting global bone marrow stem 
cells which contain not only endothelial progenitor cells isolated and used by Isner but also hemapoietic 
progenitors, mesenchymal progenitors, and additional fractions requisite for growth of arteries. 
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class of compositions for promoting soft tissue growth. There is no requirement that a 
specification to be enabling has to disclose a distinct embodiment corresponding to each 
claim at issue. Cf. Union Oil of Cal. v. Atlantic Richfield Co. , 208 F3d 989, 997; 54 
USPQ 1227, 1232-33 (Fed. Cir. 2000). 

At pages 20, 33, and 34 of Answer, the Examiner first alleged that the selection of 
dosages for cells and genes involves completely different scientific considerations. 
Again, the Examiner offered no reasoning or evidence in support of such allegation. 

Dosage selection is well established to be a matter of common medical practice, 
dependent upon a number of factors well known in the medical art. Hence, the selection 
of dosages is considered to be within the skill of the art. In any event, the Examiner for 
the first time on pages 33 and 34 of the Answer addresses the dosage extrapolation 
presented in the Amendment filed June 22, 2006. This extrapolation was first presented 
by Appellant in the withdrawn Appeal Brief of June 9, 2005, as well as in the June 22, 
2006 Amendment. Accordingly, the Examiner's statement on page 33, lines 14-17 of the 
Answer that such argument was presented "for the first time on this record" is patently 
incorrect. What is correct is that the Answer is the first time on the record that the 
Examiner has attempted to critically review the evidentiary value of this archived matter. 
Appellant's extrapolation utilizes conversion charts/formulas for estimating dosages of 
cells from weights of nucleic acids. Appellant believes that workers skilled in the art 
armed with such knowledge and coupled with the disclosure in Appellant's specification 
that nucleic acids and stem cells belong to a class of compositions for promoting growth 
of soft tissues including organs, such as arteries, and specifically apprised of the 
disclosures in Examples 19 and 36 that direct injection of cellular nucleic acid into a 
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patient's heart (Example 19) or into sites in the coronary artery (Example 36) in dosages 
sufficient to promote new artery growth, would reasonably be led to conclude that 
injecting stem cells in similar dosages on a weight basis would expectedly provide 
similar results. The specification on pages 47 and 48 in describing that a patient's own 
stem cells can promote organ growth through differentiation and morphogenesis would 
constitute a predictor for one skilled in the art to expect that injection of bone marrow 
stem cells into the heart muscle (Example 19) would result in new artery and muscle 
growth. The Examiner has not challenged the calculus of Appellant's molecular weight 
extrapolation; rather, she hubristically asserts that Appellant's calculus is "simply 
nonsensical and scientifically unsound." Appellant's conversion is what it is — a 
straightforward weight conversion for estimating dosages of cells from weights of nucleic 
acids that has been successfully practiced by medical professionals over some fifty years 
of cell therapy procedures. The simplicity of such conversion is shown by the fact that 
conversion tables have been long available in the medical art. In this regard, see the 
Roche conversion tables contained in Exhibit E which is appended to the Third 
Supplemental Declaration of Dr. Richard Heuser (attached hereto as Exhibit C) and to the 
Second Supplemental Declaration Dr. Andrew E. Lorincz (attached hereto as Exhibit D). 
These declarations were originally filed in Appellant's co-pending patent application 
Serial No. 10/179,589 to support the reasonableness of converting dosages of nucleic 
acids to dosages of cells. 3 The Examiner's failure to challenge the basis for the 
conversion data in the Final Rejection of September 22, 2006 necessitated submission of 



3 Examples 17 and 18 identified in said declarations correspond to Examples 18 and 19, respectively, in the 
instant specification disclosure. 
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these Declarations in the instant Reply Brief as rebuttal evidence because the omission of 
comments regarding the conversions was taken as an acquiescence of its validity. 

The Examiner's ad hominem criticism of Appellant's conversion fails to 
adequately give weight to its evidentiary value. Appellant's evidence establishes as a 
material fact that physicians have long used conversion charts/formulas for estimating 
dosages of cells from nucleic acids. It is the Examiner, not Appellant, that advances a 
complicated argument. It is clear from the record that cell survival and differentiation are 
not paramount considerations in determining cell dosages. The general practice is to 
employ multiple doses since stem cell overdosing has not proved to be problematic. 
Those skilled in the art are aware that safe dose ranges have been established over years 
of medical practice directed to bone marrow transplant cell therapy. The Board's 
attention is directed to the express opinions of Drs. Heuser and Lorincz in Paragraphs 5 
and 6 of the declarations which validate the reasonableness of Appellant's dosage 
conversions. Of particular note is their respective Paragraph 6 statements that, "a skilled 
medical person relying on sound scientific bases at the time of the present invention 
would reasonably have understood how to extrapolate plasmid DNA to cells on a weight 
basis." Lest there be any doubt that Appellant's conversion is scientifically sound, it 
appears to be more than mere happenstance that the present invention's converted dosage 
range of 6.25 to 12.5 x 10 6 cells overlaps the Strauer 2002 dosage range of 9 to 28 x 10 6 
cells. Accordingly, Appellant submits that the entire specification, including the 
disclosures in Examples 18, 19, and 36, must be considered when determining whether 
one skilled in the art would have been able to carry out the steps required to practice the 
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claimed method of inserting (injecting) cells (stem cells) into the damaged heart of a 
human patient to promote the growth of an artery and thereby repair said damaged heart. 

At page 29 of the Answer, the Examiner incorrectly states that "the broadest 
claims merely recites 'growth factor'. " The Examiner apparently has overlooked the fact 
that a species requirement was made and that Appellant elected cells. Accordingly, the 
broadest claims under rejection are cells with the narrowest claims calling for bone 
marrow stem cells. This is commensurate with Appellant's disclosure of using 
autologous and allogenic bone marrow stem cells to promote growth of organs, e.g., 
growth of an artery or heart, by differentiation and morphogenesis (see pages 47 and 48 
of the specification). That the Strauer 2002 publication used autologous mononuclear 
bone marrow cells is totally irrelevant to the question of whether the subject specification 
provides enablement for the subject matter claimed on appeal. 

The Examiner, at page 30 of the Answer, incorrectly states that the specification 
provides no guidance in regard to selecting a desired site for implanting cells to form new 
cardiac muscle and new arteries. It is clear from pages 45, 56, and 62 of the specification 
that the cells are implanted into the heart muscle adjacent a clogged artery. The 
Examiner's comment that the "adjacent" language recited in claims 270 and 271 is a 
relative term fails to take into account the context of Appellant's specification, and thus is 
unreasonable under the facts of this case. To the extent that the "adjacent" language may 
be considered relative, any doubt as to its intended meaning is clearly described to one 
skilled in the art in the instant specification. 

At pages 35 and 36 of the Answer, the Examiner questions what undisclosed 
manipulation must be employed by the skilled artisan in order to promote growth of an 
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artery "at the site of a damaged heart 55 instead of some other organ in the patient's body. 
This would be akin to questioning what manipulation would be required of a doctor 
skilled in IVF implantation after placement of a two-cell embryo in a human female 
patient in order to promote growth of a viable human organism instead of some other 
primate organism. The posing of this question is telling because it evinces lack of a basic 
understanding on the Examiner's part in regard to Appellant's novel contribution to the 
medical arts. The answer is simple. The skilled medical doctor's manipulation ends with 
the implantation or reimplantation of the bone marrow stem cells in the heart of the 
patient in sufficient dosages to affect repair of the dead or damaged portion of the 
patient's heart. It is clear from the instant specification that the stem cells, without any 
further intervention by medical personnel, act along predetermined genetic pathways to 
promote growth of the necessary soft tissues via differentiation and morphogenesis. In 
addition to the instant specification and the supporting declaration evidence of record, the 
numerous references of record of other highly skilled workers in the medical art 
including Orlic, Strauer 2002, Perin, Dohmann, Wollert, etc. (of record) act as 
confirmation of the claimed results. 

At page 29, line 10, the Examiner states that sources of energy are growth factors, 
relying upon pages 20 and 21 of the specification. A reading of these pages leads one to 
the conclusion the Appellant did not define energy within the disclosed class of growth 
factors. 
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At page 36 of the Answer, the Examiner alleges that the specification does not 
provide guidance as to how an old material, such as bone marrow stem cells, and 
methods, such as injection into heart muscle, can be used to achieve growth of a new 
tissue, such as an artery, which the Examiner characterizes as "remarkable" without 
conducting actual clinical trials. The Examiner further characterized the claimed result as 
"incredible" in the absence of having done a single experiment. The Board's attention is 
directed to the Kornowki patent cited earlier which contains claims directed to such 
"remarkable" results based upon a prophetic disclosure. 

At page 37, lines 6-9 of the Answer, the Examiner states Deb (of record) did not 
demonstrate repair of dead/damaged heart tissue or growth of a new artery. While this is 
true, any reader of Deb would understand that Deb, like Nabel, neither sought nor made 
any attempt to form a new artery and repair dead or damaged portions of a heart. 
Accordingly, Deb is not relevant to the enablement of the claimed invention. 

At page 38, lines 5-7 of the Answer, the Examiner erroneously stated that the 
specification "...does not provide guidance along the lines of Wollert et al.'s use of large 
quantities of cells and multiple administration passages to compensate for re-migration 
problems identified by others in this art." In rebuttal, reference is made to the discussion 
above regarding extrapolated cell dosages of Example 19 which overlap the dosages 
disclosed by Strauer 2002 and to page 47 of the instant specification where booster shots 
are contemplated. In regard to the newly alleged "re-migration" problem, the Examiner 
has not identified a basis in the present record, including Wollert or any others, for 
establishing the existence of such a "problem." Perhaps the Examiner is confused by the 
comments in Strauer 2002 relating to the disadvantage of employing multiple circulation 
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passages when using IV administration of cells. From the record, it appears that "re- 
migration" is a nonexistent problem created by the Examiner. Particularly, the Examiner 
has not explained how local injection of stem cells into a patient's heart would encounter 
a "re-migration" problem. 

The Examiner's statements on pages 38-42 addressing Appellant's objective 
evidence in the form of the Fourth Supplemental Declaration of Dr. Heuser and the Third 
Supplemental Declaration of Dr. Lorincz evinces a misunderstanding on the part of the 
Examiner as to the PTO's burden of proof set forth in In re Oetiker , at 1445, 24 USPQ 2d 
at 1444; In re Keller. 642 F.2d 413, 208 USPQ 871, (CCPA 1981). Further, the 
Examiner's summary dismissal of the Appellant's declaration evidence constitutes 
reversible error. Although enablement is a matter of law, it is based on underlying factual 
determinations. The Examiner cannot discharge her burden of proof by simply 
determining that the specification is non-enabling and then summarily dismiss 
Appellant's declaration evidence submitted in rebuttal because (Answer, page 40, lines 7 
and 8) "[i]t appears that the experts relied upon the specification itself, which has been 
separately addressed." The Board's attention is especially directed to Paragraphs 4-7 of 
the above-identified Heuser and Lorincz declarations. The question of enablement has to 
be reviewed anew in view of Appellant's submission of objective evidence proffered in 
rebuttal to the Examiner's original case of lack of enablement. Since it is axiomatic that 
enablement must be established at the time of invention, it is entirely proper for 
Appellant's experts to consider the specification disclosure based on their expertise in the 
medical art in rendering their expert opinions. Appellant submits that the Heuser and 
Lorincz declarations establish a material fact supporting the enablement of the claimed 
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invention, which was not adequately weighed and/or rebutted by the Examiner in 
considering whether the specification as a whole satisfies the enablement requirement of 
the statute. Failure to adequately weigh Appellant's declaration evidence in determining 
whether the claimed invention is enabled by the specification constitutes reversible error. 
See In re Alton , 76 F.3d 1 168, 37 USPQ2d 1578 (Fed. Cir.1996). 

Finally, in conclusion, Appellant submits that the underlying theme for lack of 
enablement relied upon by the Examiner (see Answer, page 28) is that, while the 
specification discloses using old materials (bone marrow stem cells) and old methods 
(injection) to achieve the claimed result, there is no guidance provided to one skilled in 
the art as to how to achieve the claimed results. It is readily apparent from the record that 
"how to" practice the claimed invention, particularly the injection of an old composition 
(bone marrow stem cells) into the heart of a human patient at a desired site adjacent a 
clogged coronary artery and thereby affect new artery growth at the site, is enabled by the 
protocol set forth in Example 19 which provides guidance sufficient to enable one skilled 
in the art "how to" to practice the claimed invention. As discussed earlier, no further 
manipulation is required because once implanted or reimplanted, the bone marrow stem 
cells follow predetermined genetic pathways via differentiation and morphogenesis to 
promote growth of the desired tissues (see specification pages 45 - 48). To the extent that 
the Examiner's position is bottomed on the failure of the specification to set forth an 
example specifically directed to the elected bone marrow stem cell species, that is not the 
legal standard for enablement. Union Oil of Cal. v. Atlantic Richfield Co ., at 1232-33, 
supra. 
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CONCLUSION ^ 

-RELIEF snpcBT 



In view of the forcing, Appellant again urges the Board to reverse the 
cutting rejection of c.ai m8 236, 238. 23 o, 243 , 244 , M7> 250j 251 ^ ^ 
268-271, and 280-2*5 under 35 U.S.C. § „ 2 , ^ para ^ ^ respectfijUy ^ 
that the instant application be passed to issue. 



Dated: 
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Respectfully submitted, 



Gerald KL White 
Reg. No. 26,$1 1 
Attorney for Appellant 



Dated: 03//3/a& 




Charles N. Lovcll 
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Attorney for Appellant 
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CLAIMS APPENDIX 

Claims 236, 238, 239, 243, 244, 247, 250, 251, 253, 257-263, 268-271, and 280- 
285 are pending in the application, are under final rejection, are being appealed, and are 
listed below. 



Claim 238 



Claim 239 



Claim 243 



Claim 236 A method of growing a new portion of a pre-existing heart comprising 
the steps of placing a growth factor in a body of a human patient and 
growing new cardiac muscle and growing a new artery in said heart. 
The method of claim 236, further comprising repairing a dead portion 
of said heart. 

The method of claim 236, further comprising repairing a damaged 
portion of said heart. 

The method of claim 236, wherein said growth factor comprises a 
member selected from the group consisting of cells, cellular products, 
and derivatives of cellular products. 
Claim 244 The method of claim 243, wherein said growth factor comprises a cell. 
Claim 247 The method of claim 236, wherein said growth factor is placed in said 
patient by injection. 

Claim 250 The method of claim 247, wherein said injection is intramuscular. 
Claim 251 The method of claim 236, wherein said growth factor is placed in said 
patient by a carrier. 
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Claim 253 The method of claim 236, wherein said growth factor comprises a gene 
and a cell 

Claim 257 The method of claim 236, wherein said growth factor is locally placed 
in said body. 

Claim 258 The method of claim 238, wherein said growth factor is locally placed 
in said body. 

Claim 259 The method of claim 239, wherein said growth factor is locally placed 
in said body. 

Claim 260 The method of claim 243, wherein said growth factor is locally placed 
in said body. 

Claim 261 The method of claim 236, wherein said growth factor comprises living 

stem cells harvested from bone marrow. 
Claim 262 The method of claim 238, wherein said growth factor comprises living 

stem cells harvested from bone marrow. 
Claim 263 The method of claim 239, wherein said growth factor comprises living 

stem cells harvested from bone marrow. 
Claim 268 The method of claim 262, wherein said stem cell is placed in said 

patient by injection. 

Claim 269 The method of claim 263, wherein said stem cell is placed in said 
patient by injection. 

Claim 270 The method of claim 258, wherein said growth factor comprises a cell 
and said cell is placed adjacent to said dead portion of said heart. 
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Claim 271 The method of claim 259, wherein said growth factor comprises a cell 

and said cell is placed adjacent to said damaged portion of said heart. 
Claim 280 The method of claim 236 further comprising calculating blood flow 

through said newly grown artery. 
Claim 281 The method of claim 238 further comprising calculating blood flow 

through said newly grown artery. 
Claim 282 The method of claim 239 further comprising calculating blood flow 

through said newly grown artery. 
Claim 283 The method of claim 236 further comprising observing said newly 

grown artery. 

Claim 284 The method of claim 238 further comprising observing said newly 
grown artery. 

Claim 285 The method of claim 239 further comprising observing said newly 
grown artery. 
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EVIDENCE APPENDIX 



1. Orlic et al. publication entitled, "Mobilized bone marrow cells repair the 
infarcted heart, improving function and survival," (August 28, 2001, PNAS 
USA, 98:10344-10349) and Orlic et al. publication entitled, "Bone marrow 
cells regenerate infarcted myocardium," (April 5, 2001, Nature , 410:701-705) 
cited on page 91 in Appellant's June 22, 2006, Amendment 



2. Dohmann et al., 2005 publication in Circulation . 112:521-526, full copy of 
publication furnished in Examiner's January 24, 2008, Answer 



3. Kornowski U.S. Patent No. 7,097,832 (attached hereto as Exhibit A) 



4. Isner U.S. Patent No. 5,980,887 (attached hereto as Exhibit B) 



5. Third Supplemental Declaration of Richard Heuser filed as Exhibit E of May 
29, 2007 Amendment in Appellant's co-pending patent application Serial No. 
10/179,589 (attached hereto as Exhibit C) 



6. Second Supplemental Declaration of Andrew E. Lorincz filed as Exhibit D of 
May 29, 2007 Amendment in Appellant's co-pending patent application Serial 
No. 10/179,589 (attached hereto as Exhibit D) 
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Mobilized bone marrow cells repair the infarctPH 
heart, improving function and survival 

Attempts to repair myocardia. .nfarcts bv *" * 2001 »•> 



myocardial infarct, cytokine-mediated translocation of BMC resulted 
;n a significant degree of tissue regeneration 27 dayVVatel CWok n e 
indued cardiac repair decreased mortality by 68% fnfa^J T 
40%. cavitary dilation by 26%. and diastol sLfby "u^E e^ion" 
fra«,on progress-veiy increased and hemodynamics signiffcant? Z 
proved as a consequence of the formation of 15 x 10* new mC^T 

'£££*n capi,,aries connected thei n r ti0 n y x s 

ToSfrntr « " t0ndUSi0n ' mobili " ti °n o^PHmitive BMC by 
cytokines might offer a noninvasive therapeutic strategy for the 
regenerate of the myocardium lost as a result of Sic heart 
drsease and. perhaps, other forms of cardiac pathology 

Cudden occlusion of a major coronary artery and acute 
« w i ' SChemia ' Cad '° ra P ,d dea,h ^ myocytes (M) and 

W 3 , r ,11 the SUp P' ied re 8i«" of the vent ride 

Despte the demonstration that a subpopulation of cardiac 
muscle cells ,s able to replicate (1), and new vessels are formed 

lo s [ S ZKTT iS rC f iC ' ed 10 the viable myocardium The 
loss of M. arterioles, and capillaries in the infarcted area is 
irreversible resulting with time in the formation of scTrred 
-issue. For this reason, most experimental and clinical therapies 
have main y focused |jn , itjng jnfarc( s . zc ^erap.« 

the nccro ic zone of the heart by transplanting caFdiomyocyte! 
or skeleta myob as.s (3-7), although successful in the suXa. of 
many - of (he grafted cells, have invariably failed to reconstitute 
healthy myocardium and coronary vessels integrated struc ural y 
and functionally with the spared ventricular wall V 
J he recognition that stem cells, particularly those from the 
bone marrow, have the capacity to colonize different tissues 

KnVIV"' " a " Sd , iff " em,a,e in '° «" linea 8 es ° f «* host' 
" Ws 8 ; 9)l P rom P' ed us earlier study (10) to inject Lin" 
c-A-,/"os , marrow ce| , s (BMC) jn the ^acting myocar- 
dium bordering acute infarcts. Surprisingly, the implanted BMC 
t " C ?" t,a f e i im .° M ° nd coronar y vess ^ ameliorating the 

rZZ °J ' he 7^ hear ' ^ This a PP roa <*. however, 
required a surgical intervention that was accompanied by hi E h 
mortality and a grafting success rate of 40%. Therefore the 
identification and utilization of a noninvasive method would be 
highly desirable. Two main determinants seem to be critical for 
colonizat.on and transdifferentiation of BMC into a variety of 

103M-10349 | PNAS | August 28. 2001 | vol.98 | no. 18 



cellsfg 9\?mOnf h a «l d ■ ^ " umb « of circulating slcm 
To test this PO^l^^ ™^^^ 
Materials and Methods 

Myocardial Infarction (Ml) and Cytokines C57BI /ft m n u 

XSnanth ma G°CSF 50 a " d 
once a d V fo™dmm ^^A S/d ^ iAmgfin Bi ° lo 8'«.ls). 
ventricle (\ v i! y 14 >- Und er ether anesthesia, the left 

io 6) S e a r s G c?sf T corona,y r ery *» 

fo^?H d '° 9raphy and Hemod y""nics. Echocardiography was ner- 
formed in conscious mice by usine a Seounia Z 
Mountain Vipu, r-ii • u ."8 d sequoia 256c (Acuson, 
*' ] t qU ' Ppcd Wl,h a 13 MHz "near transduce 
The an,er '°. r c "<*' area was shaved and two- dimensi 

n a ?iT 8 i eS , and M - m ° de ,racin 8 s werc "corded iZ , The 
parasternal short ax.i view at the level of papillary muscles From 

were obta ned (17). Ejection fraction (EF) was derived from 1 V 
cross-sectional area in 2D short axis view (17)- EF - IfLVrJA 
LVSA)/ L VDA] x 100, where LVDA and ...VSa co reTnd to 
LV ar ea S ,„ d.as.ole and in systole. Mice were anes.heUzed with 
chloral hydrate (400 mg/kg body weight, i. P .), and a Sro „ 

co^ZJr^r (SPR - 67,: Mi "»' ^n^menii. Ho to 
connected to a char, recorder was advanced into the LV for me 

;;:Sr;r™ and + and - dP/dt in ,he c,oscd ^' 

ments' T*7a '1™* ^ * M y™™« measure- 

ments, the abdominal aorta was cannulaied. the heart was 
arrested in diastole with CdCI,. and the myocardium w , e ' 
fused w,t ,0% (vol/vol) formalin. The LV chamber was fMlcd 
with futative at a pressure equal to the in viv „ measured 



This paper wa! submitted directly (Track II) to the PNAS oHic... 
Abbreviations: BMC bone marrow cells' SCf stem cell r»o n .- r rtc 
«im U ,a,n 9 facto, tV. ier, ventricle; E c! 

•To whom reprin, requests should be addressed. E-mail: pie„u.„v,r„o„ym t e du 
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eml-diastolic pressure (15, 16) The I v 
measured, and three transverse slices JT? V,,ary - Was 
and apex were embedded in parafffn ThT ^ baSe : m,d - re 8ion. 
to measure L.V thickness chamhf J mid -sect.on was used 
16). Infarct size w^i£S^ '"I V °' Ume ( ,5 - 

.he lef, ventricular free «T(LV^?Sf^ ^ from 

occupied by the restored L ue an* , C SeC V? ns ,he area 
product of these two var ables y "fded L The 
in each section. Values n the ,h re e^ , UmC ° f tisSUC re P air 
total volume of formed mvo^rH? Ct '°1 S Were added - and ">e 
•he volume of iS M waTK^:" ^'.f" 1 ^- Additionally, 
stained with desmin and aminin Ah T" ^ SeC,ionS were 
Only longitudinally onenled cehC ™ t l *»T»T ^ (P,) " 
were included. The lennth »nH h , «""ralry located nuclei 
collected in u*M^^^%^^^™ 
drical shape (18, 19) M wereri virf.H . ' assum,n 8 a cylin- 
of M in each class was cafcuh ,H f 'l™^ a " d the numl *r 
class v olum e a^eTa vol^ ^ Se' ° f T' M , 

arteriole and capillary profiles per unit «™ «f" "!! mber of 
measured as described (18 19) myocardium was 

^^^^^^ 

aciin. The fractions of M EC anH T , u ?™ scle 

Cell Differentiation. Cytoplasmic and nuclear markers were used- 
M nude, rabb,. polyclonal Csx/Nkx2.5, MEF2, and GATA4 Abs 
, f' 23). cytoplasm, mouse monoclonal nestin (24) rabhi, 
polyclonal desmin (25), cardiac myosin, mouse moLS 
^sarcomenc actin, and rabbi, polyclonal connexin 4?A b s (10 
/vr? V °Sl m - '" 0USe mon °cl°nal flk-1, vascular endothelial 
(VE)-cadhenn. and factor VIII Abs (10, 26 27) and SMP 
cytoplasm, flk-1 and „. sm ooth muscle act „ Abs (10 28) S 
was detected by a mixture of collagen type I and type HI Ah? 

fill??,' h eS "" S mean * SD ' Significance w as determined 
by theStudent snes. and Bonferroni method (16). MorlaKw 
computed with a log-rank test. P < 0.05 was signKi 
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Results 

BMC Mobilization by Cytokines Reduces Mortality and Induces Myo- 

c-*< cells to iransdifferentiate into the cardioeenic 
hneage (10), we used a protoco , tQ ^ nu £™ m « n ' c 

Peripheral circulation to increase the probability of their homing 
o the region of dead myocardium. In normal animals the 
frequency of Lin" c-*//~s cells in (he b|ood . J^f'J™ 
fraction of sim.lar cells present in the bone marrow (13 ]4 ) We 
have documented previously .that the cytokine treatment used 
here promotes a marked increase of Lin" c-kil POS cells in the 
bone marrow and a redistribution of these cells from the bone 
marrow to the peripheral blood. This protocol leads to a 250-fold 
increase .n Lin" c-kit™ cells in the circulation (13 14) 

In the current study. BMC mobilization by SCF and G-CSF 
lesu ted in a dramatic increase in survival of infarcted mice- with 
cytokine treatment, 73% of mice (11 of 15) survived 27 days 
whereas mortality was very high in untreated infarcted mice (Fie' 
A large number of animals in this group died from 3 to 6 da£s 

Oilic el nl. 




nontreated mouse Hpalinr. y* u J'"-em panel). (Q Ml tn a 

green = propidium iodide (P ) labeTn To" nuclei bi ue 
types . and III. (8 and C. X20; insen. X80 ) blue -™9*™ - coltagen 



after MI and only 17% (9 of 52) reached 27 days IP < n f¥)n m;,. 
that d,ed within 48 h post-MI were no. included theT^rnl v 
curve to minimize the influence of the surgical tra, ma IZ S 
^stmilartn the cytokine- [64 ± U%( ;i l n )] and sa ne- [62 " 
KlvFW?, ed , 7 a T a,SaS meaSUred bv 'henumberof M lost 

LB). Myocard.al growth within the infarct was also seen in he 4 
mice that d.ed prematurely at day 6 („ = 2) and m day 9 
2). Cardiac repa.r was characterized by a band of newly formed 
myocardium occupying most of the damaged area Tte deTe, 
op.ng ttssue extended from the border zone to the in ide t c 

me LVrw. In the absence of cytokines, myocardial reolacenu-nt 

p W a a L7 ( Fi E 0bS lO d r and hC f " g W " h SC " r f-«-ion - J.' 
parent (Fig. 1C). Conversely, only small areas of collancn 
accumulat.on were detected in treated mice. conai.cn 
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BMC Mobilization Partially Restored Myocardial Mass. To quantify 
he contribution of the developing band to the ventricular mass we 
tirst determined the volume of the LVFW (weight divided by 1 06 
g/ml) .n each group of mice. These data were 56 ± 2 mm 3 in SO 
62 - 4 mm- 1 (viable FW = 41 ± 3; infarcted FW = 21 ± 4) in' 
infarcted nontreated animals, and 56 ± 9 mm 3 (viable FW = 37 ± 
8; infarcted FW = 19 ± 5) in infarcted cytokine-treated mice These 
values were compared with the expected values of spared and lost 
myocardium at 27 days, given the size of the infarct in the non- 
IT™ ^kine-treated animals. From the volume of the 
LVbW (56 mm J ) in SO and infarct size in nontreated (62%) and 
treated (64%) mice, it was possible to calculate the volume of 
myocardium destined to remain (nontreated = 21 mm 3 - treated = 
20 mnv) and destined to be lost (nontreated = 35 mm 3 '' treated = 
36 mm-) 27 days after coronary occlusion (Fig. 24). The volume of 
newly formed myocardium was detected exclusively in cytokine- 
treated mice and found to be 14 mm 3 (Fig. 2A). Thus, the repair 
^ ( ?^ uced , infarct size / rom 64% (36 mm 3 /56 mm 3 = 64%) to 
39% ((36 mm 3 - 14 mm 3 )/56 mm 3 = 39%]. Because the spared 
portion of the LVFW at 27 days was 41 and 37 mm 3 in nontreated 
and treated mice (see above), the remaining myocardium, shown in 
Fig. 2A, underwent 95% (P < 0.001) and 85% (P < 0001) 
hypertrophy respectively. Consistently, M cell volume increased 
94% and 77% (Fig. 25). 

Myocardial Regeneration Is Characterized by Dividing Myocytes and 
Forming Vascular Structures. Ki67 and BrdUrd were used to 
evaluate the growth stage of the cells in the regenerating band 



Fig. 2. Myocardial regeneration. (A) Remaining viable (Re) 
lost (Lo), and newly formed (Fo) myocardium in LVFW at 27 
days in Ml and Ml-C; SO, myocardium without infarct (fl) 
Cellular hypertrophy in spared myocardium. (Q M EC and 
SMC labeled by BrdUrd and Ki67; n » 11 . • and • • P < o OS vs 
M and EC (D and f) Volume, number (n = 11), and class' 
attribution (bucket size, 100 ,W; n = 4,400) of M within the 
formed myocardium. (f-H) Arterioles with TER-iiMabcled 
erythrocyte membrane (green fluorescence); blue fluores- 
cence = propidium iodide (PI) staining of nuclei; red fluores- 
cence = o-smooth muscle actin in SMC. F, X800- G and h 
X1.200. 

S' 6 ?! w , hich is P ubIi ^ed as supplemental data on the 
PNAS web site). BrdUrd was injected daily between days 14^6 
to measure the cumulative extent of cell proliferation while Ki67 
was assayed to determine the number of cycling cells at the time 
of death. Ki67 identifies cells in G, f S, G 2 , prophase, and 
metapnase, decreasing in anaphase and telophase (10) The 
percentages of BrdUrd- and Ki67-positiv e M were 1.6- and 
1.4-fold higher than EC, and 2.8- and 2.2-fold higher than SMC 
respectively (Fig. 2C). The forming myocardium occupied 76 
11% of the infarct; M constituted 61 - 12%, new vessels P ± 
5%, and other components 3 ± 2%. The band contained IS x 
10 regenerating M that were in an active growing phase and had 
a wide size distribution (Fig. 2 D and E). EC and SMC growih 
resulted in the formation of 15 ± 5 arterioles and 348 ± 
capillaries per mm 2 of new myocardium. Thick wall arterioles 
with several layers of SMC and luminal diameters of 10-30 u.m 
represented vessels in early differentiation. At times, incomplete 
perfusion of the coronary branches within the repairing myo- 
cardium during the fixation procedure led to arterioles and 
capillaries containing erythrocytes (Fig. 2 F-H). This observa- 
tion provided evidence that the new vessels were functionally 
competent and connected with the coronary circulation There- 
fore, tissue repair reduced infarct size and M growih exceeded 
angiogenesis; muscle mass replacement was the prevailing fea- 
ture of the infarcted heart. 

Five cytoplasmic proteins were identified to establish the state 
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cardiac myosin (A and Q (Dand fl yZ < c -9'een); red fluorescence = 
factor vLn EC (OaTd'r I (A Green ,. <arr ° W! ' 0; fed " u ° r ««nce = 

«-smooth muscle actin- blue fluorp.ron^ V .\.' red f,uo «scenee = 
nuc-ei. (A and , * UOO^^C^ ZZSSF ^ 

Of differentiation of M (10, 24, 25 V nestin H«mi« 
-in, .cardiac myosin. ,„d conneX, 43 K^^IS™ 
mdmdu.l cells scattered across the formin^band With 
«h.s exception, all other M expressed de/min (Fta 
omcnc act.n cardiac myosin, and connexin 43% 3C ' Z 
«™«cnpt.o n factors implicated in the activation of fhe promoter 

o;. <~sx/Nkx2.5 t GATA-4. and MEF2 <Tio i a r \ • L 
Polished as supplemental data on fhe PNAS webl^ S 
ce-ls positive for f| k ., Bnd VE-ca!Lrm 2 7 T wo '1c 
markers, were present in the repairing tissue (F g 3 Va nd ^ 

R, W TrT, ' n SM , C iS °' ated ° r Wi,hin the 8 ar,e^o ar wa ,' 
S&^.'^S;^^. 10 ' " ro ™« Ration of 
i,,„ . 1 L g g enesis ( 28 )- Therefore, repa rof the infarcted 
heart mvolved growth and differentiation of all cardiac ccM 
populates, resulting in * «ow> myocardium. 

F M r rt Card,a M epair ' m P r ° Ved Ana «°""«' Remodeling and Ventricular 
Funct,on. Myocard.al regeneration attenuated cavitary d ation 
and mural thinning during the evolution of the infarc ed h a °" 

Z,^ H Card,0Braph,Cally ' LV "d-systolic (LVESD) and end" 
astolic d.ameters (LVEDD) increased more in nomreaSi 
Hum mi cytokine-treated mice at 9 16 and 26 7ZTT 
infarction (Fig. 8 A and B, which is p'ub.Led as sup P 7emen tal 
data on the PNAS web site). Infarction prevented the evaluation 
of anicnor wall systolic thickness (AWST) and anterior wall 
d.asiohc th.ckness (AWDT) . When measurable, posterior wa 
th.ckness in systole (PWST) and diastole (PWDT wa, greateH 
rcated mice (Fig. 8 C and D). AnatomicaHy, the waH bo der „g 
and remote from mfarction was 26% and 22% thicker in 
cytokme-mjected mice (Fig. 8 E). BMCinduced repa • Su ted 
in ■ «% higher wall thickness ,0 chamber radius ratio ( F iJ 4/ ) 
Acldmonally. tissue regeneration decreased the expansion in 
cavitary diameter (-14%), longitudinal axis (-5%; Fig. 8 Fand 
G). and chamber volume (-26%; Fig. 4B). Important," ™* 
n .cular mass to chamber volume ratio was 36% higher in treated 
animals (hg. AC). Therefore. BMC mobilization that e t 
prol,fera. 10n and differentiation of a new population of M and 
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S^S^^^ "™< -able, whidl 

ventricular performance. EF was 48 <S? V "P™ ""proved 
treated than in nontreated mTce th i^V^'^ 
coronary occlusion, respectivelv (Fin in 1 • di ' ys aller 
cytokines, contract le 111' 4D )- In m,ce e *P°*ed l0 
farcted region of SfwSl^^^S s'S " '" C 

LV end-diastolic pressure ft vpnm 8 ' S H ~ P )- Conversely, 
nontreated mice. The chaS"« in /xT™^ 76% more 
shown), developed pressure H vApn P' 0 '' 0 pressurc <"°' 
also more severe in the /hV ^' and h and " d| Vd« were 

SSrSd^ 

infarct repair ^^tS^^f^^^ 
regenerating myocardium, decreasing Tclius o£ w n" 0 " lhc 
mcreasing ventricular performance 8 StrCSS :,nd 

Discussion 

into the circZLn and Tr^ZTZ™ mom ™>°» of BMC 
infarcted portion of fhe hea« ^ y ' C ' r l ; ans,oc «"°n to the 

Moreover the diastolic properties of skele ' Vusc e cells ,re 

acauTred , If 9 dayS af,er ™plantalion (10) and it 
acquired a more mature pattern of distribution at 27 ri J* 
Cons,sten, with the identification of con.r c t e "ctivitv i,f h 
rcpa.rmg myocardium, the expression of co^nex n 3 c i 
lhat operative gap junctions were developed between M To 2 

BMP ' he f T Cpti ° n ° f ,his a " d ™ P- o^ s Te P 3 
S n^M,°i; e ° f ' hC P ublished attempts to repair card ac 3 

Ky^voSrHS A>, U H ted lh * Pr0dUC "' On «»' f«"c.iona. I 
nealthy myocardium. Although not investigated here, this con- 1 
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Fig 4 M( ^ d . "FreeWaF w ^ 

cytokine-treated ^^7^-^ I"?™ mi LV *' mensi °'« at time of death 27 da« aft.. 
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formation was minim jn the treated an i Addi,iona,1 y. -ar 
exclude the notion that grouos of l^f k ' $ bU ' th,S does not 
-he edges of the regencSg 5°^ WCre !««"« * 

acutely nfter ^farction fn 7 k a " 8eS Cardiac anat °<ny 
i" diastolic stress and nJ^S£% #X.'£^ 

tritrr^ 5 ^*^^ 
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^<S.^Sit,^ r i,ary «~«. - 

BMCmayresultincom",!.^ « , "^ ,s " f l ' erho ' n i"8ofprin,i,iv e 

Despite the success ^ T ° f lhc infarc,ed heart, 
to, ^-.aS^aSSnS^ here ' there 3rC 
mobilizes pluripotcm 2^c^ »rf ral,0n , of SCFand ^ 
'he peripheral blood ($ The numb, r „ " e b ° ne manow 
cells increased 250-fo d Don rm tro(c, ™ l ^S Lur c-faV'-s 
<° injured organs ^S^^^^TTT^^ 
that Lin" c-to Pt « ce l|, -.r,. ~, .7 cclls ( 10), we propose 
resultsdonotprovideunambi™''''^ ^ aidiae «P»'>- Our 
the cells reeo^tSrthT ° r T t,0n nbom ,hc ori 8'" 

cy<okine treatment moWuL C I COUW 56 ^ ' hm 
cardiac stem cells Xh t^T" ^ StCm Ce,ls and re ^em 

lion. We have beg^n «ne- m frWn 0 ^T Pa ' C<i " ssue 

cgun gene-mark.ngsrud.es in an effort to document 
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BMC to the lesion or whether RMr* the homing of 

aged myocardium rapidly pro.iferate and transdi?fe r ntS'e The 

BMC in (he mfarcted zone where they acquire the heart ZllZ 
phenotype reaching functional competence C ' e 
In conclusion, BMC injected or mobilized to the damaeed 
myocardium behave as cardiac stem cells. giWng rise To M 
endothehal cells, and smooth muscle cells. Such bfhavior is no 
longer surpnsmg given the remarkable plasticity of adul bone 
marrow stem cells (8-12, 30). New evidence offers clues as ?o 
some of the biochemical pathways implicated in thif.^n'dif 
»crcnt,ahon The interplay between the signal 
P a I waysof bone morphogenetic proteins and the Wn "family of 
genes , s respons.ble for .he expression of lineage-determi Lg 
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Surprising, as *Z^Vi^^^** 
remain open to both devHnnrni^r i I ( 0l l3) ' adu " BM C 
program &e^£l^^ ancl readily re . 
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.l.«c conditio,, morc Ihan ,5% Xild v° '?"' ( ' 2 * P ' r ,0 - ml P h ">- U »"« 

*»n*d ., ,he diarety 'ouTcc wc ' VP Pref " bcn " ld ^yde. Animals ,„., 

■o re„„, ,he enrich,,,,,, S d TiT* Undtr "~ COndi,ions 

»l-cir P., broods were given „ hoi „ h«w K i ."^ ' hr " time5 Wert iso, *" d - ««<l 

Ihese condilions were saved Twenty , t ' hemotax «° benzaldehyde under 

couJd also be replica.ed w ,hom n d iT T di " rimi ™<°" ««. d». 
twice ,o wi.d-.vpe anima s * <°«n.enmrac.a„t. Mu.anu were backcrossed 
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Genetic mapping of kyS42 

We .napped t yS « to chromosome II by observing seamatinr, „f ,h a- ■ ■ ■ 
phonotypc away from the domman. marker « . St] u„? , , *' dlscnm "«"i°n 
was performed by following segreca Z , „ Z J ,S ° laKS) - Subse 1 uen ' ™PPing 

progeny of kySU x CB1856 crosses were isolated ,nd ™ I F ' 
cad, i.«,l„e. Each population was <m J f '° m 
Populations that were homozygous m»» ™ , *" onw ™^«nyde discr.mmat.on. 
were retained, whereas pZhtiZ Z J I j" hom °W« wild type 

isolated DNA from X^n^^ 1 *^ 1 " disra ^ed We 
amplification followed lb 'reM ric ion Imed "j? 01 ™' *•'« 

•ha, ,„apped Sr^? 1 ^ - ^und 

-«> and cos„,id C3-F, (chromosome It. pos^T-2 5 ) 'd™™—* ... pos i lion 

Laser ablations 

.ion after a„ assays had b * ' 00king <°' «P«* 

aduhs as early as ,he second d'ay after la 2 ''ZZ -T^ ?7 ""l"™' °" 

.he same animals on rw„ or ,hL " 0 r7e^Z d,t I " u ^ ^ ""J" 1 

olfacnry assays were performed™ Z » 7' £ T"T " *™ 

.."imals were challenged w thfhe sam atne an, f/ 5 """'""' 10 " — » «hich 



Bone marrow cells regenerate 
infarcted myocardium 
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reconstit^r ,LT ™ . rema »ung myocytes are tumble to 

distant S te m ceUs, which^te toT^ 
undergo alternate stem ceU differentiation-^ these cv^l D1 „ 
mote structural and function., repair-'. This high degree o s^rn 
cell Plasttcty prompted us to test whether dfad Zoc ZSZ 

Sff We r s e orte r d d , by ^ -.^cdbTCSo 

'"""ge-negative (Lin") bone marrow cells from 
transgenic nuce expressing enhanced gre.n fluorescent p otein" 

^"sirt cei1 sor,i,,e ^ n Ae basis 'f oL", 

expression . Shortly after coronary ligatron Liir c Jt,V* os ..11 

ameborating the outcome of coronary artery disease yOCard,Um • 
Injecon of male LinW» bone marrow cells w Supple- 
mentary nformation) in the peri-inforaed left ventr, e of" Z e 

to h/2 ? ffi m, ?» ( F " Urc 10 infarcts was attributed' 

to the dtfficulty of transplanting ceUs into , iMue contracting at 600 
beats per m.nute. However, an immunological reaction to the 
htstocompattbUtty antigen on the Y chromosome of the dor o 
bone marrow cells could account for the lackof repair in son ,e of the 
female recp.ents. Closely p acke d myocytes occupied " ,% Z 
he tnfaraed reg, 0 „ and extended from the anterior to the pos crin 
aspect of the ventnele (Fig. la-d). The fraction of endocardia hand 
ep,card,al circumference delimiting the infcrced are " did n 

SS S-c"^ T, ic %, 78± 18% ( " = s:i - <" in 

with SS^ii'S "JT™ were not rbund in micc injec,d 

The origin of the cells in the forming myocardium w as deter- 



S©2001 Macmillan Magazines Ltd 



701 



getters to nature 



some were not detected in the ,„rvi«in« ," d Y chronj °" 

EG.:P expression was i?SY,£;,^ 
i specific for myocytes, endothelial r„n j labeUl »g of proteins 
| This allowed us to iden ,Ve lch c ' ^ *"? Sm00th ™«cle cells. 

cndo«hdi.l and smooth £u£S? 0 ^,2F t0 
i (Fi 8 . 3a-c; see also Supplement * i„ 8 coronar y vessels 

"ew myocytcs> endothK «,r a „ y H 1 T ,,0n) - ^ PerCenta S e of 
ECPP was 53 ± m („ = r 6 t ; 0t :« * eX " ressi "8 
respectively These viln« * ~ ( ?) and 49 - 7% (« = 7), 
.ran.sp.antl. Lin e it// bon " m C ° " S ' S te " | the fraction of 

endothelial cells and smooth muscle^l. ( = *K ° f "^es, 
heart of donor transgenic mice * e * PnUed EGFP in 

To confirm that newly formed myocyfes 



GATA-4 to activate synenn /./ u ^ pr0,ci » s «« •« 





Figure 2 Myocardial inlarct injected with Lure kif™ r»n. 
Tom endocardium (EN) t0 epicardiun, ffP, E^ q l?^''™ * ,eflenC ' ali "9 
C combination of EGFP and myosin (red-olni 2 ? i ' " W my0sin (,H(,): 
(blue), .nfarcted tissue 01) can t^TihS,!^^™^-^ nueW 



Figure t Bone marrow cells and myocardial regeneration, a Myocardial infarct am 
« h Un " c - * <™ ^e marrow (arrows,. JSSSST 
c t ZZ ""J; VM ' V,aWe my0Cardium - Same Ml 31 ^« CScation 

rirrt •' V ea " n9 ,S apparenL Astert * indicales orotic myocytes Red 




^ sx/Nkx2.5 w„h PI (onght taescence in nuclei). Otiginal roagnilicaiion. ,-300 
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myocyte differentiation' 3 . In the reconstin.rin- u 

responsible for intercellular connection, and V i"" 0 *'" " 
through the generation of ^sZ^C^^l 
myocyte,"-"; connexin 43 was apparen t h ce5 cT . ^ 
a- . e surface of closely aligned dTfferenti in g VeUs ^ P ? Th"' 

^ration we're 

labelling identifies n^in T^^T'SS^ ^ 
o. Ati l- . r . J piiasc , therefore, wp n o^-j 




labelling identifies nuclei in S phase' 6 "- th^.L 

H'ghcr than that of smooth muscle cell, w !„ (^<0.001) 

BrdU-positive cells expressed EGFP. ' 6? ' 0r 

Cell differentiation caused a ln« r t.» .. «• 




Figure 4 Myocardial repair and connexin 43. a. Border zone: b-d. regenerating 
.nyocam.um. shown are connexin 43 (yellow-green; arrows indicate contacts between 
myocytes) and c-sarcomeric actio (red), and Pl-stained nuclei (blue). Original 
magnilicaiion. x500 (a). x800 (b-d). 



band. They expressed^ECFP coSfi \ Z the -8— .in g 
transplant (Supplemenmry Info^S? 0r,e,n fr °'" ' h( ' 

dynamic ^OrSlte "V^" 1 "' h ~ 
injected or injected with F in e fc/r m rc,cd lllicc n <>n- 
comparison with sham-operated , "ice ."^.^"'.^'nbined. In 
ited indices of cardiac f.E £w * BTOUpS exhib - 

c-Wt«»cell8, left ventricular n v 8 , ?^ treated wi,h Li "~ 

was 36% lower, and deve on .1 ^ eild - dlasl °'ic pressure (LVEDP) 

LV - dP/dr were 3?% de 4 V oi° J J? L Y + ^ 

Locally transplanted Lin'c k J™ h 8 ' rcs P ect,velv - 
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Cell proliferation and EGFP detection 
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► Abstract 

Background — Cell-based therapies for treatment of ischemic heart disease are 
currently under investigation. We previously reported the results of a phase I trial 
of transendocardial injection of autologous bone marrow mononuclear (ABMM) 
cells in patients with end-stage ischemic heart disease. The current report focuses 
on postmortem cardiac findings from one of the treated patients, who died 1 1 
months after cell therapy. 

Methods and Results — Anatomicopathologic, morphometric, and immunocytochemical findings 
from the anterolateral ventricular wall (with cell therapy) were compared with findings from the 
interventricular septum (normal perfusion and no cell therapy) and from the inferoposterior 
ventricular wall (extensive scar tissue and no cell therapy). No signs of adverse events were found in 
the cell-injected areas. Capillary density was significantly higher (FO.001) in the anterolateral wall 
than in the previously infarcted tissue in the posterior wall. The prominent vasculature of the 
anterolateral wall was associated with hyperplasia of pericytes, mural cells, and adventitia. Some of 
these cells had acquired cytoskeletal elements and contractile proteins (troponin, sarcomeric ct-actinin, 
actinin), as well as the morphology of cardiomyocytes, and appeared to have migrated toward 
adjacent bundles of cardiomyocytes. 
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Conclusions — Eleven months after treatment, morphological and immunocytochemical analysis of 
the sites of ABMM cell injection showed no abnormal cell growth or tissue lesions and suggested that 
an active process of angiogenesis was present in both the fibrotic cicatricial tissue and the adjacent 
cardiac muscle. Some of the pericytes had acquired the morphology of cardiomyocytes, suggesting 
long-term sequential regeneration of the cardiac vascular tree and muscle. 

Key Words: angiogenesis • stem cells • heart failure • revascularization • ischemia 
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The role of cell-based therapy for the treatment of ischemic heart disease is 
currently under investigation. In view of the myocardium's limited capacity to 
regenerate spontaneously after an ischemic injury, the therapeutic use of exogenous 
progenitor cells has recently gained increasing interest. In vitro demonstration of 
functional cardiomyocyte differentiation from bone marrow-derived progenitor 
cells- 2 - has prompted in vivo studies in animal models, and promising results have ^ 
been obtained in the repair and regeneration of acute and chronic cardiac muscle 
lesions. Several types of progenitor cells have been used in experimental models, including bone 
marrow-derived endothelial and blood cell progenitors, as well as bone marrow mesenchymal 
progenitors.^^ 

In humans, similar attempts have been made with surgical, intracoronary, or transendocardial 
introduction of bone marrow-derived cells to improve cardiac lesions.^ Our group recently reported 
the results of the first phase I human trial of transendocardial injection of autologous bone marrow 
mononuclear (ABMM) cells in patients with end-stage ischemic heart disease.- We observed a 
significant increase in perfusion, contractility of ischemic myocardial segments, and functional 
capacity of the cell-injection recipients. This report presents postmortem cardiac findings from one of 
these patients. 



► Case Report 



The patient was a 55-year-old man with ischemic cardiomyopathy and 2 previous 
myocardial infarctions (in 1985 and 2000). He began to have symptoms of 
congestive heart failure 2 years before study enrollment. One year before 
enrollment, the patient had an ischemic stroke with mild residual right hemiparesis 
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and resultant episodes of ch>ohic tonic-clonic seizures. His nsk factorTfor coronary „ • 
artery disease included diabetes mellitus type II, hypertension, and ^ cgg n 

hypercholesterolemia. ▼ References 

The patient's functional capacity was evaluated at baseline by means of a ramp treadmill protocol!" 
w,th a peak max,mal oxygen consumption (Vo 2 max) of 15.9 mL • kg"' • min -l ^ a workload of 

e<,UiVa ' en,S (METS) ' A ***** ^-P^n-emission computed tomography 
(SPECT) perfuston study showed a partially reversible perfusion defect in the anterolateral wall a 
fixed periston defect (scar) in the inferior and posterior walls, and normal perfusion in the septa, 

wall. r 

Cardiac catheterization revealed a left ventricular ejection fraction of 1 1%, a 70% ostial and an 85% 
middle stenosis of the left anterior descending (LAD) coronary artery, an 80% proxima. lesion of the 
left crcumflex (LCx) coronary artery, and total occlusion of the first obtuse marginal artery and right 
coronary artery. The distal segments of the LAD and LCx were diffusely diseased. Owing to the 
seventy and extent of the patient's coronary disease, he was not considered a candidate for surgical or 
mterventtonal procedures. At enrollment in our study, he was in New York Heart Association 
(NYHA) funcfonal class HI and Canadian Cardiovascular Society (CCS) angina class III. His serum 
C-reactive protein level, complete blood count, creatine kinase level, and troponin level were normal 
at baseline. 

The patient received a total of 3xl0 7 ABMM cells (the Table) that had been harvested 2 hours before 
the procedure. With the guidance of electromechanical mapping,^ the ^ werg 

transendocardially into the anterolateral wall of the left ventricle. No periprocedural complications 

were observed. 



rTnTiswindowl Phenot y P e and Functional Characterization of 3xl0 7 Cells Injected via 
[ in a new window] a Tran sendocardial Route 



Noninvasive follow-up evaluation was performed 2 and 6 months after cell therapy. Invasive 
follow-up evaluation, with cardiac catheterization, was performed at 4 months and revealed no 
change in coronary anatomy. Symptomatic and functional improvements were noted because the 
patient returned to NYHA and CCS class I. Holter monitoring showed no malignant ventricular 
arrhythmias, and signal-averaged ECG parameters remained stable. There was no change in the 
patient's medications after cell therapy. There was no change in the global ejection fraction or left 
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ventricular volume on echocardiography. The wall-motion index scoreTon 2-dimensional 
echocardiography) improved from 1 .94 to 1 .65 as contractility increased in 5 segments adjacent to the 
t injected area. Myocardial perfusion, as assessed by SPECT, improved in the anterolateral wall. 
Mechanical data derived from SPECT showed improvements in regional ejection fraction, wall 
motion, and thickening. In addition, during ramp treadmill testing, the Vo 2 max increased from 15.8 
to 25.2 mL • kg" 1 ■ min" 1 , and the METs increased from 4.51 to 7.21 at 2 months. At 6-month 
follow-up testing, the Vo 2 max reached 31.6 mL • kg" 1 • min" 1 , and the METs was 9.03. 

From 6 to 1 1 months after the cell injection procedure, the patient's cardiovascular condition 
remained stable. At 1 1 months, however, he had a tonic-clonic seizure at home and was found in 
cardiopulmonary arrest by family members. 

► Methods 

After signed, informed consent was given by the family, an autopsy was performed, 2 Abstract 

including morphological and immunocytochemical analysis of the heart. This A Introduction 

report presents the anatomicopathologic findings about the infarcted areas of the T MethodT^ 

anterolateral ventricular wall, which were the areas that had received bone marrow ^ Results 

cell injections. The histological findings from this region were compared with Z ConcTusi o" 

findings from within the interventricular septum (which had normal perfusion in ^ Referent 
the central region and no cell therapy) and findings from the previously infarcted 
inferoposterior ventricular wall (which had extensive scarring and no cell therapy). 

Immunocytochemical analysis of paraffin sections was performed with antibodies against factor 
VHI-related antigen (A0082, Dako), vimentin (M0725, Dako), smooth muscle <*-actin (M0851, 
Dako), and CD34 and Ki-67 (NCL-L-End and NCL-Ki67MMl respectively, Novocastra). Antibodies 
were reacted with Dako's EnVision+ System/HRP, with diaminobenzidine as a chromogen. Frozen 
sections were fixed, permeated with acetone, and incubated with antibodies for troponin T (T6277, 
Sigma), smooth muscle CT -actin, sarcomeric actinin (A781 1, Sigma), and desmin (D1033, Sigma). 
Antibodies were revealed with anti-mouse or anti-rabbit IgG, F(ab) 2 fragment, conjugated to 
fluorescein isothiocyanate (1814192 and 1238833, respectively, Boehringer-Mannheim), and 
counterstained with a 0. \%* solution of Evans blue dye (Merck). 

Capillary density was monitored by using computerized image analysis (Image-Pro Plus, 
MediaCybernetics) of randomly selected fields in sections stained with hematoxylin and reacted with 
antibody for factor Vlll-related antigen (n=108) and randomly selected fields in sections reacted with 
antibodies for smooth muscle o-actin (n=96). Transverse sections of capillaries identified by staining 
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millimeter in ,he case of Lor VIIlTlel H . """ " * 

Evaluation of the capillar density inside .he fibrotic areas within the cell treats , , , , 
versu the ^^*~ M * n ^£^£^ 

ex ludtng the reg.ons comaining cardiomyocy.es. Microscope fields (a. xlOO) of factor V . T'- „ 
shdes were digitized, and the number of _e sections of capites pe ^ ,U I £T 
fib o c .ones was assessed. Differences between Ute treated infarcted zones and the nonZ 

► Results 

Anatomopathologic Findings ^ Toe 

The hear, weighed 765 g. There was severe arteriosclerosis with subocclusive 1 iS ion 

cal efied atheromas in all coronary arteries, calcification of .he pulmonary artery * S555EF 

and moderate atheromatosis of me aorta. The hear, cavities were dilated, wi<h ' ? £5? 

hypertrophic walls. There was no evidence of any acute injury or of lesions tha, " ■>■"-<- 

could be rdated to ell injections. A generated, homogeneous endocardial Z 
opacification, affecting all the cardiac internal surfaces, was identified on 
h.s.ologica, examination as diffuse fibroeUstic hyperplasia of the endocardium. Minute focal and 
punctate scars were observed, mainly in the posterior and a„.ero.a«era. walls. 

The apical zone was thinned ™d fibrotic. The postenor and apical regions had dense, fibrotic 

w ,,-crcumscnbed scars «ha« sepanrted cardiomyocyte bundles. The septa. wa,l exhibited foe I scars 

but it was devoid of fibrosis in the central region. 

The anterolateral ventricular wall ma, received ce» injections had elongated, irregular, and parallel 
edd.sh areas throughout, h the same wall, in adjacent regions tha. did no. receive injection , me 
de„s,ty and morphology of .he fibrotic scars were simi,ar .o those of the posterior wall, suggesting 
tha, no over, d.fferences were presen. among ,he different infarcted areas before cell injections 
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Morphometric Analysis 

The capillary density was significantly higher in the areas of the anterolateral ventricular walls that 
.received cell injections than in the previously infarcted posterior wall (PO.0001) (Figure 1A) The 
median capillary density in the anterolateral wall was apparently similar to that in the septal wall 
However, the broad dispersion of the septal wall data, which may have been due to fibrotic areas in 
regions close or adjacent to the ventricular walls, generated a statistically significant difference 
between these 2 groups. 




Figure 1. Number of capillaries per mm 2 in anterolateral, 
posterior, and septal walls of studied heart. A, Anti-factor 
VHI-associated antigen counterstained with hematoxylin. 
B, Anti-smooth muscle .-actin antigen counterstained with 
View larger version (12K): hematoxylin. C, Capillaries reacted with anti-factor 
fin this window] VHI-associated antigen inside fibrotic areas only in 

fin a new window] anterolateral and posterior walls. (n= 1 08 microscope fields 

for A; 96 microscope fields for B; and 40 microscopic 
fields for C.) Differences were statistically significant 
among all groups in pairwise comparisons (P<0.05, 
Newman-Keuls method) for A and B. Differences were 
significantly different (PO.05) between anterolateral and 
posterior walls in Mann- Whitney rank-sum test for C. 

The density of capillaries that contained smooth muscle c-actin-positive cells within their walls was 
also assessed (Figure! B). The number of such vessels was higher in the anterolateral wall than in the 
septal and posterior walls (/><0.0001). Larger vessels identified by a continuous wall of smooth 
muscle ct-actin-positive mural cells were not included in these analyses. The capillary density was 
significantly higher within fibrotic areas of the anterolateral wall than within fibrotic areas of the 
posterior wall (PO.000 1 ) (Figure 1 C). 

Histological Findings 

The anterolateral wall showed irregular, pale regions of fibrotic tissue intercalated with dark regions 
of cardiac muscle arranged in roughly parallel, interspersed bands, perpendicular to the ventricular 
wall plane (Figure 2A). No abnormal cell organization, growth, or differentiation or signs of previous 
focal necrosis, inflammatory reactions, or tissue repair were found in the region that had received cell 
injections. Inside the fibrotic tissue, trichrome and picrosirius coliagen staining disclosed regions with 
decreased collagen density, in which a rich vascular tree was present. The anterolateral wall also 
showed larger central vessels that ramified into smaller ones, parallel to the cardiomyocyte bundles 
(Figure 2 B). In the anterolateral wall, the peripheral zone of fibrotic areas merged into the 
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cardiomyocyte layer and lackYd well-defined limits, unlike the f.brotk areas observed in the posterior 
wall.(Figure2C). No fibrotic tissue was seen in the central area of the septal wall (Figure 2 D). 




Figure 2. Gomori trichrome stain of anterolateral (A, B), 
posterior (C), and septal (D) walls. Increased vascular tree is 
present in B. Original magnification is X40 in A, B, and D xlOO 
in C. 



View larger version (163K): 
fin this window] 
[in a new window] 



Inflammatory cells were rare in the perivascular region: There were occasional isolated small groups 
of lymphocytes and, very rarely, granulocytes. At the interface between fibrotic tissue and 
cardiomyocyte bundles, 2 gradients merged: the decreasing blood vessel diameter and the increasing 
cardiomyocyte size. Very small cardiomyocytes were seen isolated in the fibrotic matrix adjacent to 
capillaries in the anterolateral wall, together with a progressively increasing number of fibroblastoid 
cells that were isolated or interspersed in small groups among the cardiomyocyte bundles. 

Immunocytochemistry Findings 

Immunocytochemical labeling of factor VlU-associated antigen identified a thin endothelial layer of 
blood vessels in the posterior, septal (Figure 3 A), and anterolateral (Figure 3 B) ventricular walls. In 
the anterolateral wall, neither factor VIII nor CD34 was found in the fibroblastoid cell population 
inside the fibrotic matrix. In the posterior ventricular wall and septum, smooth muscle *-actin was 
readily identified in blood vessel wall cells. This protein was present both in pericytes and in the 
smooth muscle cells of the thin vessel wall layer (Figure 3 C) in the anterolateral wall. The vascular 
tree of the anterolateral wall showed intense labeling in the blood vessel walls, which had a marked 
hypertrophy of smooth muscle cells (Figure 3 D). The same staining pattern was present in isolated 
cells located in the perivascular position and in the adjacent region among cardiomyocytes and 
fibrotic matrix (Figure 3E). Vimentin was present in the endothelial layer of the anterolateral wall, in 
the perivascular cells, and in cells adjacent to or in close contact with the cardiomyocytes (Figure 
4 A). These cells frequently formed an extensive network that permeated the fibrotic matrix and the 



f 16 

12/7/2007 6:44 PM 



interstitial space among cardiomyocytes (Figure 4B). 



Figure 3. Immunocytochemical identification of factor 
VHI-associated antigen (A, B) and smooth muscle cr-actin (C-E) 
in blood vessel walls of septal (A) and anterolateral (B-E) 
regions of studied heart, depicting increased vascular density (B) 
and hyperplasia of perivascular and mural cells (C-E). Ki67 
reactivity was rarely present in perivascular cells of anterolateral 
wall (F). Original magnification x40 in A and B, x400 in C and 
D, and xl 000 in E and F. 



View larger version 

(121K): 
fin this window! 
[in a new window! 




Figure 4. Anterolateral wall that received cell injection 
therapy. A and B, Immunostaining for vimentin depicted 
positive reaction in vascular wall and in fibroblastoid 
interstitial cells. C and D, Immunostaining for desmin 
showed small groups of intensely reactive cells between 
blood vessels and cardiomyocytes (C) and small cells 
inside cardiomyocyte bundles with typical striated 
cytoskeleton (D). E and F, Immunostaining for troponin 
showed positive reaction in all mural cells of 
medium-sized blood vessel. Original magnification is 
X1000 in A and F; x400 in B-E. 
View larger version (92K): 
fin this window! 
fin a new window! 



Desmin was identified in the same cell population. Desmin labeling was less intense in the vascular 
wall cells and isolated perivascular cells and was more intense in the cells adjacent to 
cardiomyocytes. On sections perpendicular to the main cardiomyocyte axis, thin desmin-positive 
fibrils were observed mainly in the submembrane region; on longitudinal sections, a typical 
transverse banded pattern of desmin was observed (Figure 4C and 4 D). Among cardiomyocytes, son 
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of the small cells had strone^nerinh^i a ■ ■ 

" urong, penpheral desmm-stained areas (Figure 4 DV 



cardiomvocy.es and ins.de me adjacen , ^ *« - 
the proximity of cardiomyocvtes wher, „ ° ^ The mtemit y of ^bding increased , 

wi,h troponin labeling res.ric.ed to ° CCaS '° nally - SUch ««« had an increased volume, 



in 




View larger version (76K): 
fin this window] 
fin a new window] 



5 ; A f eroIateral wa » that received cell injection 
therapy. A, Immunostaining for troponin depicted small 

cetraTp 6 " ^ CeHS ^ intCnSe reaCti °" in P-P^-l 
cell area. B-F, Immunostaining for sarcomeric actinin 

depicted reactivity in mural cells of blood vessel (B-E) and 

isolated cells among cardiomyocytes with actinin 

organization similar to that of sarcomeres (E, F) Original 

magnification is x400 in A and F; xlOOO in B-E. 



card,omyocy,e bundies. Tne same cells located in vessels adjacent to or embedded berlnthe 

of fib ob,asto,d cells feSBandJC). Some of these ce„s had increased in size and in mei 

ntra, reg,o„, d-scloseo sarcomeric actinin that was already orgaruzed in the typica, bled pirn 
of sarcomeres (feSDaMiE, M this centra, region, isoiated ce„s barelytger than ^ 
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could be observed; only a few sarcomeres were present, suggesting thai' those isolated cells had 
acquired some cardiomyocyte characteristics (Figure 5 F). 

' The Ki67 antibody, which identifies cells actively engaged in replication, reacted only rarely with 
endothelial cells in the posterior wall. In the anterolateral region, the Ki67 antibody also reacted with 
pericapillary pericytes and with isolated fibroblastoid cells in the surrounding fibrotic matrix (Figure 
3F). The overall cell reactivity with KJ67 antibody was relatively low. 

► Discussion 

Accumulating evidence from both experimental animal studies^ human 1 XbL, ct 

trials — indicates that ABMM cell therapy improves myocardial perfusion in A Introduction 

patients with ischemic heart disease. At the same time, clinical stem cell therapy 1 MrhQ R d e s P ° rt 
research is focusing more on safety than on efficacy. The present report describes ~ Res » lts 
the postmortem study of one patient who underwent transendocardial injection of I colTsTon 
ABMM cells. Accordingly, the major findings in this report pertain to the - References 

procedure's safety: No abnormal or disorganized tissue growth, no abnormal 

vascular growth, and no enhanced inflammatory reactions were observed. In addition, some intriguing 
histological and immunohistochemical findings were documented: (1) There was a higher capillary 
density in the cell-treated area than in nontreated areas of the heart. (2) A proliferation of smooth 
muscle -actin-positive pericytes and mural cells was noted. (3) The aforementioned cells expressed 
specific cardiomyocyte proteins. 

In the postnatal period, new blood vessels form through either vasculogenesis or angiogenesis, in 
which proliferation of endothelial cells is followed by remodeling of the extracellular matrix and 
proliferation of blood wall cells Endothelial cells can result from bone marrow-derived 

progenitors (postnatal vasculogenesis) or from the migration and proliferation of endothelial cells 
from existing vessels (angiogenesis).-^ Mural cells such as pericytes and smooth muscle cells can be 
derived from bone marrow mesenchymal cells (stroma), myofibroblasts, and/or fibroblasts.-!^ In the 
neoangiogenic process, pericytes are derived either from cells of adjacent tissues (mobilized by 
growth factors produced by endothelial cells) or from proliferation of adventitial and pericapillary 
pericytes and their distal gliding on the abluminal side of the growing blood vessel's basement 
membranes.-^ The alternative origination of pericytes from mesenchymal stem cells has been 
proposed and preliminarily confirmed in experimental models.-^ Pericytes may be essential to 
achieve a physiological angiogenic process with resultant durable blood vessels. In the present case, 
when compared with the noninjected regions, the cell-injected wall had marked hyperplasia of 
pericytes and mural cells. The observed hypertrophic pericytes displayed 2 characteristics: First, 
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2 w VaSCUlar Wa "' e ™ m ^" tal - -end 

-habere found ,„ locafons that suggested detachment having ^ 

_ reached prox.mal cardiomyoey.es tha, were either isolated or in small ce„ clumps. Closer to 
eard,omyocytes, the expression of myocardial proteins was enhanced, yielding brighter 
_staWng throughout the who.e cytoplasm. The significance of these findings remains ,„ be 
estab shed However, within the posterior wall, none of the findings was seen, and small blood 
vessels could only rarely be found. 

Notwithstanding .he aforedescribed data, the present report has limitations ,ha, severely restrict our 
abdny ,o make conclusions about the role of ABMM cells in myocardial regeneration. The findings 
couhd have occurred by chance. It is impossible to exclude the influence of a natural recovery process 
as the cause for the difference in vascular density between cell-treated and nontreated areas 
Compares of capillary density among different sections of wall were based on specimens from a 
s.ngle pa.,en,. Moreover, this is an isolated, uncontrolled case involving late events after injection of 
unhrbeied cells; „ precluded the use of any imaging technique tha, could have helped to colocalize 
and ,den.,fy the presence of stem cell direct descendants within the vessel wall or myocardium 
Therefore, the significant difference in vascular density between cell-treated and nontreated areas 
cannot be extrapolated to a larger population of similar patients. However, the increased vascular 
densny within the cell-injected anterolateral wall accompanied tha, wall's improvement in perfusion 
as assessed by SPECT, whereas all other walls remained unchanged. 

► Conclusion 

At 1 1 -month follow-up evaluation, stem cell therapy was not associated with any 1 ^, rac , 

adverse h.stological findings. Morphological and immunohistochemical analysis of " lw<r °duction 

.he area that underwen, ABMM cell implantation suggested tha. .ha. area had more 1 Se^Sf" 

capillanes than nontreated areas and that ABMM cell therapy was associated with - R """ s 

hyperplasia of pericytes, mural cells, and adventitia. Some of these cells had ? cZcteton 

acquired cytoskeletal elements and contractile proteins (desmin, troponin, and - ReferenT 
sarcomeric actinin). 
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Figure 3. Immunocytochemical identification of factor VIQ-associated antigen (A, B) and smooth 
muscle a-actin (C-E) in blood vessel walls of septal (A) and anterolateral (B-E) regions of studied 
heart, depicting increased vascular density (B) and hyperplasia of perivascular and mural cells (C-E). 
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STATES PATENT AND TRADEMARK OFFICE 



Docket No. 1000-10-CP 
THIRD SUPPL HESUER DECLARATION 



In Re Application of: James P. Elia 



Group Art Unit: 1646 



Serial No.: 10/179,589 



Examiner: Daniel C. Gamett 



Filed: June 25, 2002 

For: METHOD FOR GROWING 
HUMAN ORGANS AND 
SUBORGANS 



THIRD SUPPLEMENTAL DECLARATION 
OF RICHARD HEUSER. M.D.. F.A.C.C.. F.A.C.P. 

I Richard Heuser declare as follows: 

1. I have offices at 500 West Thomas Road, Suite 900, Phoenix, Arizona 
85013. 

2. My Curriculum Vitae was attached as Exhibit A to my Declaration of 
November 16, 2004. Paragraph 3 of my Declaration and my 
Supplemental Declaration of February 15, 2005 provide additional 
information regarding my background and experience. 

3. I have read the Examiner's criticism contained in paragraph 11, 
commencing on page 7 and ending on page 9 of the March 7, 2007 Office 
Action regarding the conversion of dosages of plasmid cDNA to dosages 
of cells. Such paragraph is set forth in Third Supplemental Exhibit A 
attached hereto. Specifically, I note the Examiner's criticism bridging 
pages 7 and 8 regarding the above-mentioned conversion that: 
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• ••one of skill in the art would never think to 
attempt such an extrapolation. The unsound 
scientific basis for the conversion of plasmid DNA 
to cellular equivalents would be obvious to anyone 
trained in molecular biology. 

I have read and understood the disclosures of the above-referenced patent 
application at page 4, line 1 through page 5, line 14; at page 13, lines 3-10; 
at page 22, line 5 through page 24, line 15; and at page 26, line 3 through 
page 27, line 3. A copy of such disclosures is attached hereto as Third 
Supplemental Declaration Exhibit B. 



I have also read and understood additional disclosures of the above- 
referenced patent application at page 9, lines 14-16; page 17, line 1 
through page 20 line 8; page 21, lines 23 and 24; page 27, lines 1-3; page 
28, lines 12-16; page 32, line 20 through page 39, line 19; and page 44, 
lines 8-17. A copy of such additional disclosures is attached hereto as 
Third Supplemental Declaration Exhibit C. 

I have read and understood Applicant's conversion for dosages of plasmid 
cDNA to equivalent corresponding dosages of cells set forth in attached 
Third Supplemental Exhibit D as it relates to Examples 18 and 17 of the 
specification, which are contained in Third Supplemental Declaration 
Exhibit C. 



In my opinion, the Examiner's criticism specifically delineated in 
Paragraph 3 above is not credible. Contrary to the Examiner's opinion, 
studies involving conversion of the average (mean) content of nucleic 
acids per cell in human marrow cells have been routinely conducted and 
accepted by skilled scientists for over 50 years. Three (3) publications 
illustrating the use of such well known conversion are included in the 
attached Third Supplemental Declaration Exhibit E. Note that in two of 
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the publications, typical conversion results are set forth in tables, thereby 
eliminating the necessity to perform the actual calculation. Obviously, a 
sound scientific basis exists in the medical art for such conversions. 

Further, those skilled in the art understand that DNA content is 
substantially consistent from tissues of any given species. Consequently, a 
skilled medical person relying on sound scientific bases at the time of the 
present invention would reasonably have understood how to extrapolate 
plasmid DNA to cells on a weight basis. Applicant's use of 40 pg as an 
average weight for nucleic acids in a human cell is fairly representative. 
Thus, I find Applicant's conversion set forth in the attached Third 
Supplemental Declaration Exhibit D to be consistent with the 
extrapolations set forth above and commonly used and relied upon by 
skilled persons in the medical art. Accordingly, the dosages specified in 
Examples 18 and 17 are sufficient to enable a person skilled in the medical 
art to convert dosages of plasmid DNA to corresponding dosages of 
genomic DNA within the context of Applicant's disclosed invention. 

7. Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made 
herein are punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may 
jeopardize the validity of the application or any patent issuing thereon, and (2) that all 
statements made of Declarant's own knowledge are true and that all statements made on 
information and belief are believed to be true. 

Further Declarant sayeth not. A 
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EXHIBIT A 



MARCH 7, 2007 
OFFICE ACTION 
Paragraph 11, pages 7-9 



11. Applicant admits on page 9 that Examples 17-19 employ nucleic acids, but asserts that 
one skilled in the art reading the specification, which teaches that cells, i.e., stem cells (BMC's) 
possess equivalent activity to genes (nucleic acids) and other genetic material in forming a new 
artery (i.e., promote morphogenesis of an organ-artery), would be able to easily extrapolate the 
number on a weight basis of mononuclear cells required to obtain equivalent results. According 
to the method for extrapolation provided in the footnote to pages 10-11, 250 ^ig of plasmid DNA 
(an amount described in Examples 17 and 18) divided by 40 pg, (asserted to be is the average 
DNA content of a cell; the species of cell is not disclosed) equals 6.25 x 10 6 , and therefore the 
Examples 17 and 18 instruct the skilled artisan to use 6.25 x 10 6 cells. This argument is not 
persuasive for several reasons. First, this method of converting plasmid DNA to cell equivalents 
is not included in the specification as filed. This is important because one of skill in the art would 
never think to attempt such an extrapolation. The unsound scientific basis for the conversion of 
ug of plasmid DNA to cellular equivalents would be obvious to anyone trained in molecular 
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THIRD SUPPLEMENTAL 
DECLARATION 

e^Mbit B 



DISCLOSURES 



EXHIBIT B 



DISCLOSURES 
APPLICATION SERIAL NO. 10/179,589 

PAGE 4, LINE 1 - PAGE 5, LINE 14 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

PAGE 13, LINES 3-10 

Multifactorial and nonspecific cells (such as stem cells and germinal cells) can provide 
the necessary in vivo and in vitro cascade of genetic material once an implanted master control 
gene's transcription has been activated. Likewise, any host cell, cloned cell, cultured cell, or cell 
would work. Genetic switches (such as the insect hormone ecdysone) can be used to control 
genes inserted into humans and animals. These gene switches can also be used in cultured cells 
or other cells. Gene switches govern whether a gene is on or off making possible precise time of 
gene activity. 
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PAGE 22. LINE 5 - PAGE 24. LINE 15 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene ( VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 
nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
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(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
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factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 



PAGE 26. LINE 3 - PAGE 27. LINE 3 

Organs and/or tissues can be formed utilizing the patient's own cells. For example, a 
skin cell(s) is removed from the intraoral lining of a cheek. The cell is genetically screened to 
identify DNA damage or other structural and/or functional problems. Any existing prior art 
genetic screening technique can be utilized. Such methods can utilize lasers, DNA probes, PCR, 
or any other suitable device,. If the cell is damaged, a healthy undamaged cell is, if possible, 
identified and selected. If a healthy cell cannot be obtained, the damaged cell can be repaired by 
excision, alkylation, transition, or any other desired method. A growth factor(s) is added to the 
cell to facilitate dedifferentiation and then ^differentiation and morphogenesis into an organ or 
function specific tissue. Any machine known in the art can be used to check the genetic fitness 
of the organ and its stage of morphogenesis. A cell nutrient culture may or may not be utilized 
depending on the desired functional outcome (i.e., growth of an artery, of pancreatic Islet cells, 
of a heart, etc.) or other circumstances. Replantation can occur at any appropriate stage of 
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morphogenesis. The foregoing can be repeated without the patient's own cells if universal donor 
cells such as germinal cells are utilized. Germinal cells do not require a dedifferentiation. They 
simply differentiate into desired tissues or organs when properly stimulated. Similarly, the DNA 
utilized in the foreign procedure can come from the patient or from any desired source. 

During reimplantation one of the patient's own cells is returned to the patient. During 
implantation, a cell not originally obtained from the patient is inserted on or in the patient. 

In the example above, if germinal cells (and in some cases, stem cells) are utilized, a 
direct differentiation and morphogenesis into an organ can occur in vivo, ex vivo, or in vitro. 
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THIRD SUPPLEMENTAL 
DECLARATION 



EXHIBIT C 



ADDITIONAL 
DISCLOSURES 



EXHIBIT C 

DISCLOSURES 
APPLICATION SERIAL NO. 10/179,589 

PAGE 9, LINES 14-16 

Morphogenesis or morphogenetics is the origin and evolution of morphological 
characters and is the growth and differentiation of cells and tissues during development. 

PAGE 17, LINE 1 - PAGE 20, LINE 8 

EXAMPLE 10 

MSX-1 and MSX-2 are the homeobox genes that control the generation and growth of a 
tooth. A sample of skin tissue is removed from the patient and the MSX-1 and MSX-2 
homeobox gene(s) are removed from skin tissue cells. The genes are stored in an appropriate 
nutrient culture medium. 

BMP-2 and BMP-4 growth factors are obtained by recombinant or natural extraction 
from bone. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 and 
102 degrees F. 

MSX-1 and MSX-2 transcription factors are obtained which will initiate the expression of 
the MSX-1 and MSX-2 homeobox genes. 
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'The MSX-1 and MSX-2 transcription factors, BMP-2 and MBP-4 bone morphogenic 
proteins, and MSX-1 and MSX-2 genes are added to the nutrient culture medium along with the 
living stem cells. 



EXAMPLE 11 

Example 10 is repeated except that the transcription factors bind to a receptor 
complex in the stem cell nucleus. 



EXAMPLE 12 

Example 10 is repeated except that the MSX-1 and MSX-2 transcription factors 
are not utilized. The transcription of the MSX-1 and MSX-2 homeobox genes is activated by 
applying an electric spark to the nutrient culture medium. 

EXAMPLE 13 

Example 10 is repeated except that the stem cells are starved and the transcription of the 
MSX-1 and MSX-2 homeobox genes is activated by applying an electric spark to the nutrient 
culture medium. 

EXAMPLE 14 

WT-1 and PAX genes are obtained from a sample of skin tissue removed from the 
patient. The genes are stored in an appropriate nutrient culture medium. PAX genes produce 
PAX-2 and other transcription factors. 
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BMP-7 and other kidney related BMP growth factors are obtained by recombinant or 
natural extraction from bone. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 to 
102 degrees F. 

The WT-1 and PAX genes, and BMP-7 and other kidney BMPS are added to the nutrient 
culture medium along with the living stem cells. 

A primitive kidney germ is produced. The kidney germ is transplanted in the patient's 
body near a large artery. As the kidney grows, its blood supply will be derived from the artery. 

EXAMPLE 15 

The Aniridia gene is obtained from a sample of skin tissue removed from the patient. 
The gene(s) is stored in an appropriate nutrient culture medium. 

Aniridia transcription factor (activates expression of the Aniridia gene) and growth 
factors (function to help stem cells differentiate during morphogenesis to form an eye) are 
obtained. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 to 
1 02 degrees F. 

The Aniridia transcription factor and growth factor and the Aniridia gene are added to the 
nutrient culture medium along with the living stem cells. 
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A primitive eye germ is produced. The eye germ is transplanted in the patient's body 
near the optic nerve. As the eye grows, its blood supply will be derived from nearby arteries. 

EXAMPLE 16 

The Aniridia gene is obtained from a sample of skin tissue removed from the patient. 
The gene(s) is stored in an appropriate nutrient culture medium. 

Aniridia transcription factor (activates expression of the Aniridia gene) and growth 
factors (function to help stem cells differentiate during morphogenesis to form an eye) are 
obtained and added to the nutrient culture medium. 

An eye germ develops. A branch of the nearby maxillary artery is translocated to a 
position adjacent the eye germ to promote the development of the eye germ. The eye germ 
matures into an eye which receives its blood supply from the maxillary artery. 

The term "cell nutrient culture" as used herein can include any or any combination of the 
following: the extracellular matrix; conventional cell culture nutrients; and/or, a cell nutrient 
such as a vitamin. As such, the cell nutrient culture can be two-dimensional, three- 
dimensional, or simply a nutrient, and is useful in promoting the processes of cellular 
dedifferentiation, redifferentiation, differentiation, growth, and development. 

PAGE 21, LINES 23- 24 

An organ, as used herein, consists of two or more kinds of tissues joined into one 
structure that has a certain task. 
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.PAGE 27. LINES 1-3 

In the example above, if germinal cells (and in some cases, stem cells) are utilized 
direct differentiation and morphogenesis into an organ can occur in vivo, ex vivo, or in vitro. 



a 



PAGE 28. LINES 12-16 

Avascular necrosis can be corrected with the insertion of a gene(s) and/or growth factor 
or other genetic material in the body. For example, avascular necrosis is diagnosed near a joint 
space. VEGF or BMP genes, or VEFG or BMP growth factors produced by VEFG or BMP 
genes, respectively, or any other desired genetic based material can be inserted to regrow blood 
vessels and/or bone. 



PAGE 32. LINE 20 - PAGE 39. LINE 19 

EXAMPLE 17 

A 36-year old Caucasian male experiences pain in his left leg. A medical examination 
reveals a damaged one-inch long section of a large artery in his left leg. The examination also 
reveals that this damaged section of the artery is nearly completely clogged with plaque and that 
the wall of the artery is weakened. The weakening in the arterial wall makes attempting to clean 
out the artery risky and also makes it risky to attempt to insert a stent in the artery. 

Recombinant cDNA encoded to combine with a cell ribosome to produce the human 
growth factor VEGF is assembled into a eukaryotic expression plasmid. The recombinant 
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in 



a 



■cDNA is from cDNA libraries prepared from HL60 leukemia cells and is known to cause the 
growth of arteries. The plasmid is maintained at a room temperature of 76 degrees F. 

The clones are placed in 1.0 milliliters of a normal saline carrier solution at a room 
temperature of 76 degrees F. to produce a genetic carrier solution. The genetic carrier solution 
contains about 250 ug of the cDNA clones. A nutrient culture can, if desired, be utilized 
conjunction with or in place of the saline carrier. Each clone is identical. If desired, only 
single clone can be inserted in the normal saline carrier solution. The saline carrier solution 
comprises 0.09% by weight sodium chloride in water. A saline carrier solution is selected 
because it will not harm the DNA clone. 

Two sites are selected for injection of the genetic carrier solution. While the selection of 
sites can vary as desired, the sites are selected at the lower end (the end nearest the left foot of 
the patient) of the damaged section of the artery so that the new arterial section grown, can, if 
necessary, be used to take the place of the damaged section of the artery in the event the 
damaged section is removed. 

The first site is on the exterior wall of the artery on one side of the lower end of the 
damaged section of the artery. A containment system is placed at the first site. 

The second site is inside the wall of the artery on the other side of the lower end of the 

artery, 

The genetic carrier solution is heated to a temperature of 98.6 degrees F. 0.25 milliliters 
of the genetic carrier solution is injected into the containment system at the first site. 0.25 
milliliters of the genetic carrier solution is injected at the second site inside the wall of the artery. 
Care is taken to slowly inject the genetic carrier solution to avoid entry of the solution into the 
artery such that blood stream will carry away the cDNA in the solution. 
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After two weeks, an MRI is taken which shows the patient's leg artery. The MRI reveals 
new growth at the first and second sites. 

After four weeks, another MRI is taken which shows the patient's leg artery. The MRI 
shows that (1) at the first site, a new artery is growing adjacent the patient's original leg artery, 
and (2) at the second site, a new section of artery is growing integral with the original artery, i.e., 
at the second site the new section of artery is lengthening the original artery, much like inserting 
a new section of hose in a garden hose concentric with the longitudinal axis of the garden hose 
lengthens the garden hose. 

After about eight to twelve weeks, another MRI is taken which shows that the new artery 
growing adjacent the patient's original artery has grown to a length of about one inch and has 
integrated itself at each of its ends with the original artery such that blood flows through the new 
section of artery. The MRI also shows that the new artery at the second site has grown to a 
length of one-half inch. 

In any of the examples of the practice of the invention included herein, cell nutrient 
culture can be included with the gene, the growth factor, the extracellular matrix, or the 
environmental factors. 

In any of the examples of the practice of the invention included herein, the concept of 
gene redundancy can be applied. For example, the Examples 1 to 14 concerning a tooth list the 
genes MSX-1 and MSX-2. These genes differ by only two base pairs. Either gene alone may be 
sufficient. A further example of redundancy occurs in growth factors. Looking at the Examples 
10 to 14, BMP4 or BMP2 alone may be sufficient. Redundancy can also be utilized in 
connection with transcription factors, extracellular matrices, environmental factors, cell nutrient 
culture, physiological nutrient cultures, vectors, promoters, etc. 
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One embodiment of the invention inserts genetic material (gene, growth factor, ECM, 
etc.) into the body to induce the formation of an organ. Similar inducing materials ex vivo into or 
onto a living cell in an appropriate physiological nurturing environment will also induce the 
growth of an organ. The VCSEL laser allows early detection in a living cell of a morphogenic 
change indicating that organ formation has been initiated. With properly time transplantation, 
organ growth completes itself. 

During the ex vivo application of the invention, a gene and/or growth factor is inserted 
into a cell or a group of cells; an ECM or environmental factor(s) are placed around and in 
contact with a cell or group of cells; or, genetic material is inserted into a subunit of a cell to 
induce organ growth. An example of a subunit of a cell is an enucleated cell or a comparable 
artificially produced environment. In in vivo or ex vivo embodiments of the invention to induce 
the growth of an organ, the genes, growth factors, or other genetic material, as well as the 
environmental factors or cells utilized, can come from any desired source. 



EXAMPLE 18 

Genetically produced materials are inserted in the body to cause the body to grow, 
reproduce, and replace in vivo a clogged artery in the heart. This is an example of site-specific 
gene expression. A plasmid expression vector containing an enhancer/promoter is utilized to aid 
in the transfer of the gene into muscle cells. The enhancer is utilized to drive the specific 
expression of the transcriptional activator. After the enhancer drives the expression of the 
transcriptional activator, the transcriptional activator transactivates the muscle/artery genes. 
Saline is used as a carrier. Cardiac muscle can take up naked DNA injection intramuscularly. 
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Injecting plasmid DNA into cardiac (or skeletal) muscle results in expression of the transgene in 
cardiac myocytes for several weeks or longer. 

Readily available off-the-shelf (RAOTS) cDNA clones for recombinant human 
VEFG165, isolated from cDNA libraries prepared from HL60 leukemia cells, are assembled in a 
RAOTS expression plasmid utilizing 736bp CMV promoter/enhancer to drive VEGF expression. 
Other RAOTS promoters can be utilized to drive VEGF expression for longer periods of time. 
Other RAOTS recombinant clones of angiogenic growth factors other than VEGF can be 
utilized, for example, fibroblast growth factor family, endothelial cell growth factor, etc. 
Downstream from the VEGF cDNA is an SV40 polyadenylation sequence. These fragments 
occur in the RAOTS pUCl 18 vector, which includes an Escherichia coli origin of replication and 
the Beta lactamase gene for ampicillin resistance. 

The RAOTS construct is placed into a RAOTS 3 ml syringe with neutral pH physiologic 
saline at room temperature (or body temperature of about 73 degrees C). The syringe has a 
RAOTS 27 gauge needle. 

Access to the cardiac muscle is gained by open-heart surgery, endoscopic surgery, direct 
injection of the needle with incision, or by any other desired means. The cardiac muscle 
immediately adjacent a clogged artery is slowly injected with the RAOTS construct during a five 
second time period. Injection is slow to avoid leakage through the external covering of muscle 
cells. About 0.5 ml to 1.0 ml (milliliter) of fluid is injected containing approximately 500 ug 
phVEGF165 in saline (N=l 8). The readily available off-the-shelf cDN A clones cause vascular 
growth which automatically integrates itself with the cardiac muscle. Anatomic evidence of 
collateral artery formation is observed by the 30 ,h day following injection to the RAOTS 
construct. One end of the artery integrates itself in the heart wall to receive blood from the heart. 
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The other end of the artery branches into increasingly smaller blood vessels to distribute blood 
into the heart muscle. Once the growth of the new artery is completed, the new artery is left in 
place in the heart wall. Transplantation of the new artery is not required. 

Blood flow through the new artery is calculated in a number of ways. For example, 
Doppler-derived flow can be determined by electromagnetic flowmeters (using, for example, a 
Doppler Flowmeter sold by Parks Medical Electronic of Aloha, Oregon) both in vitro and in 
vivo. Also, RAOTS angiograms or any other readily available commercial devices can be 
utilized. 

VEGF gene expression can be evaluated by readily available off-the-shelf polymerase 
chain reaction (PCR) techniques. 

If controls are desired, the plasmid pGSVLacZ containing a nuclear targeted Beta- 
galactosidase sequence coupled to the simian virus 40 early promoter can be used. To evaluate 
efficiency, a promoter-matched reporter plasmid, pCMV Beta (available from Clontech of Palo 
Alto, California), which encodes Beta-galactosidase under control of CMV promoter/enhancer, 
can be utilized. Other RAOTS products can be utilized if desired. 

EXAMPLE 19 

A patient, a forty-year old African-American female in good health, has been missing 
tooth number 24 for ten years. The space in her mouth in which her number 24 tooth originally 
resided is empty. All other teeth except tooth number 24 are present in the patient's mouth. The 
patient desires a new tooth in the empty "number 24" space in her mouth. 
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A full thickness mucoperiosteal flap surgery is utilized to expose the bone in the number 
24 space. A slight tissue reflection into the number 23 tooth and number 25 tooth areas is carried 
out to insure adequate working conditions. 

A Midwest Quietair handpiece (or other off-the-shelf handpiece) utilizing a #701 XXL 
bur (Dentsply Midwest of Des Plaines, Illinois) (a #700, #557, #558, etc. bur can be utilized if 
desired) is used to excavate an implant opening or site in the bone. The implant opening is 
placed midway between the roots of the number 23 and number 25 teeth. The opening ends at a 
depth which is about fifteen millimeters and which approximates the depth of the apices of the 
roots of the number 23 and number 25 teeth. Care is taken not to perforate either the buccal or 
lingual wall of the bone. In addition, care is taken not to perforate or invade the periodontal 
ligament space of teeth numbers 23 and 25. 

An interrupted drilling technique is utilized to avoid overheating the bone when the 
#701 XXL bur is utilized to form the implant opening. During a drilling sequence, the drill is 
operated in five-second increments; and the handpiece is permitted to stall. Light pressure and a 
gentle downward stroke are utilized. 



PAGE 44. LINES 8-17 

EXAMPLE 35 

Example 1 7 is repeated except that the patient is a 55-year old Caucasian male, and the 
genetic carrier solution is injected into two sites in the coronary artery of the patient. The first 
site is on the exterior wall on one side of the artery. The second site is inside the wall of the 
artery on the other side of the artery. A section of the artery is damaged, is partially blocked, and 
has a weakened wall. The first and second sites are each below the damaged section of the 
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artery. Similar results are obtained, i.e., a new section of artery grows integral with the original 
artery, and a new section of artery grows adjacent the original artery. The new section of artery 
has integrated itself at either end with the original artery so that blood flows through the new 
section of artery. 
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CONVERSION 



EXHIBIT D 
CONVERSION 



The conversion for dosages of nucleic acids to corresponding dosages of 
cells was conducted as follows. Examples 18 and 17 specified dosages of 
500 micrograms (ug) and 250 ug, respectively. The weight of nucleic 
acids of an average cell was considered to equal 40 picograms (pg). The 
described dosages of 250 and 500 ug when converted to pg by multiplying 
by 10 6 equals 250 x 10 6 pg and 500 x 10 6 pg. Since nucleic acids of an 
average cell have an average weight of 40 pg, a conversion is made by 
dividing 250 x 10 6 and 500 x 10 6 by 40 to arrive at the equivalent cell 
dosages, which are 6.25 x 10 6 and 12.5 xlO 6 , respectively. 
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THIRD SUPPLEMENT A I 
DECLARATION 



EXHIBIT E 



PUBLICATIONS (3) 



XVI 



PROCEEDINGS OP THE BIOCHEMICAL SOCIETY 
J^SS^T*^ ^y*** * therapy cannot be considered as returned to normal, 



deoxyribonucleic acid phosphorus (DNApfand 
ribonucleic acid phosphorus (KNAP) content of 
aspirated human bone marrow (Davidson, Leslie & 
White, 1947, 1948), we now report a modification 
involving enumeration of the nucleated cell content 
of the samples analysed. Results are expressed in 
terms of DNAP and RNAP per cell (Table 1), and 
are average values for the growing and adult cell 
populations of the analysed samples. The recent 
results of Vendrely & Vendrely (1948, 1949) and of 
Mirsky & Ria (1949) suggest a striking constancy in 
the DNAP content of normal cell nuclei from the 
tissues of any given species, and our figures for 
DNAP are of the same order as those quoted by the 
Vendrelys for human liver nuclei. 

There is no significant difference between the 
means for the normal and the leukaemio series, either 
as a whole, or considering only acute leukaemia prior 
to therapy. 

A small series of 6 cases of iron-deficiency nn*^™^ 
has not shown significant variation of the mean 
DNAP and RNAP per cell from normal. 

Results obtained from cases of pernicious and 
other megaloblastic anaemias are shown in Tables 2 
and 3. 

It must be noted clearly that the group under 
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either as regards blood picture, marrow cytology or 
adequacy of therapy. The significant fall in RNAP 
from that in the group prior to therapy parallels the 
general increase in maturity of the marrow under 
therapy. Cases fully treated and returned to normal 
are under investigation. 

Table 1 

Normal human marrow 

Values of Nucleic Acid Phosphorus (NAP) in 
M8- * 10~ T per cell 



Mean 

8.E. of obe. 
Observed range 



DNAP 
18 oba. 
on 16 
individuals 

8-54 
2-89 
40-150 



RNAP 
20 obe. 
od 18 
individuals 

6-33 
303 
21-13-5 



Ratio 
RNAP/ 
DNAP 

0-76 
0-326 
0-43-1*9 



Marrow from oases of leukaemia of various types, 
before and during therapy 



Mean 

s.B. of obe. 
Observed range 



28 obs. on 
15 oases 

8-75 
305 
3-9-17-4 



24 obs. on 
12 oases 

7*59 
3-72 
20-17-4 



0-90 
0-30 
0-3-1-8 



Group as a whole 



Group prior to therapy 



Group during the course 
of therapy 



Table 2. Cases of pernicious anaemia and other megaloblastic anaemias 

NAP in ^g. x 10~ 7 per cell 

DNAP 
28 obs. on 12 oases 
Mean J26 
8.E. 4.55 
Observed range 6-6-22-8 

12 obe. on 12 oases 
Mean 12.57 
s.«. 4.17 
Observed range 6- 1-22*8 

17 obs. on 8 oases 
Mean 12-63 
8.B. 4-36 
Observed range 6*6-18-8 



RNAP 
10-9 
603 
2*3-26-1 

11 obs. on 11 cases 
13-38 
5-19 
7-5-25- 1 

16 obe. on 8 oases 
909 
4*21 
2-3-17*6 



Ratio DNAP/RNAP 
28 obs. on 13 cases 
0-87 
0-27 
0-35-1-6 

12 obe. on 12 cases 
1*06 
0*249 
0-6&-1-6 

16 obs. on 9 cases 
0-73 
0198 
0-35-1 0 



Megaloblastic series as a whole 
compared with normal series 

Megaloblastic series before 
therapy compared with 
normal 

Megaloblastic series during 
therapy oompared with 
normal 

Megaloblastic) series before and 
during therapy oompared 



Table 3. t test of significance between means 

DNAP RNAP 
P < 0-001 < 0-001 

Degrees of freedom 44 Highly significant 44 Highly significant 
P 0-01-0*001 <0001 

Degrees of freedom 28 Highly significant 29 Highly significant 



Degrees of freedom 



Degrees of freedom . 



0*01-0-001 0-05-0-02 
33 Highly significant 33 Significant 



0-7-0*6 
27 Not significant 



0*05-0*02 
24 Significant 



Ratio RNAP/DNAP 

0- 2-0-1 

46 Not significant 

001- O-001 

30 Highly significant 

0*8-0-7 
34 Not significant 

<0*001 
26 Highly significant 
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PROCEEDINGS OF THE BIOCHEMICAL SOCIETY 

, „ REFERENCES 
Davidson, J. N., Leslie, I. & White. J C HB471 » i 

y. 41,xxvi. «>.J.C.(IM7). Aoefc,*. m „^ A. E. & Ris, H (1949) ^ r , 

Davidson. J. N., Leslie, j. & Whito - 866. (I9 * 9 >- W.. 163, 

Barf. 60. 1. to> ' °- < 1M8 >- ^- Pa*. Vondrolv R. * ir , 



Table 1. 



lime (min.) 

Additions : 
ew-Aoonitate 

Citrate* 'active' fraction 



ito heart aconitase 

Citrio acid (/unol.) 

60 



0*21 
0-08 
4*90 
5-27 



3-90 

3- 96 
434 

4- 38 



Table 2. Pig heart isocitric dehydrogenase 



Pluoroacetate Poisoning and * .T«r««w«^ * _ 

So far no isolated enzyme baa been inhibit k J ""^^ UntvertUy of Oxfor*) 

^^du^ppeanuxee of added citrate. -LTac^o 

J * h ^ W pra8ent » «naU amount of °nly 
a F-oompound which is chromatographically inBmar f^+'-ctJve' Motion 
able from the tricarboxylic acids 7 Par_ Same+^Uoromerouriobenroio acid 

in ^212? 1 ^ ^ ° Wt P«** of inhibition * 
m the enzymes of the tricarboxylic acid cycle bv" 
detemnning the effect of the 'active' SiS «S 
aoomtase (Johnson. 1039), isocitric detydZ^ 
(Adler Euler. GOnther A Haas, 1039) 3l 

(Ochoa & Weiss tXL 
1M8), obtained from rat and pis heart ti^tl 

^bleel.2and38h<mthatther«ul2^eS:- 
even when amounte of 'active' fraction weTS 
80 tunes larger than those inhibiting oS,& 
appoaranoe m the kidney homogenatel 

JU1 the evidence from experiments in vivo and in 
«*• <» mitochondrial homogenatoe) points to in 
h,bltl0n * toe compound aTeithe^ toe 



(max. value) 

0076-0-066 
0-076 
0-004 

Table 3. Pt^ heart oxaloauccinic decarboxylase 
(CO, evolution W lO^ol. oxaloBuccinate in 30 min. 
atI35«>C. Net values) 

„ CO. (ul.) 

Enzyme alone Q l 1 

Eniyme + 4 active • fraction S 

Enzyme + Di>Mooitrate (control) (4 

we are led to the conclusion that the oomnlete 

S^^L propertiee ■»°* * * talSSSd 

SJ^'' 1 Wh ° ther ^ due to 

factors of organization or to iniasing component 
must be decided by further work~« ^Ponenta 



Adler, E., v. Euler, tt. GOnther, G. & Plass. M M9S0) 
BxoeKem. J. 83, 1028. ' < 1839 ) 

^ u ?*' £ * P«*a«, R. A. (1949). PAy«<rf. 110 488 



REFERENCES 



Johnson, W. A. (1939). Bioctem. J. 33, 1046 

1-5*0 * Peten, R. A. (1949). BiocKim. Biophyt. AC*. 

^^ 0.(1949). LiOig, Ann. Kt.2in. 

Oohoa. S.&Wdw-Tabori. E. (1948). y. CW 174. 123. 
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Append ix 
Nucleic Acids 



Page 1 of 1 



Nucleic Acids 

Content and Distribution 



Nucleic acids in an average human cell 
DNA 

Coding sequences 
Number of genes 
Active genes 

Total RNA 

rRNAs 

tRNAs, snRNAs, and low mol. wt RNA 
mRNAs 

nuclear RNA 

Ratio of DNA:RNA in nucleus 
Number of mRNA moleculesc 
Number of different mRNA species 

Low abundance mRNA (5 15 copies/cell) 
Intermediate abundance mRNA (200 400 copies/cell) 
High abundance mRNA (12,000 copies/cell) 



Abundance of each message for: 

Low abundance mRNA (5 15 copies/cell) 
Intermediate abundance mRNA (200 400 copies/cell) 
High abundance mRNA (12,000 copies/cell) 



a 30-60 ug/ml blood for human leukocytes. 

b 1-5 ug/ml blood for human leukocytes. 

c Average size of mRNA molecule = 1 930 bases. 



~<5 pg/cella 
3% of genomic DNA 
0.51.0 x 10 5 
1.5 x 104 



-10 50pg/cellb 
80 85% of total RNA 
15 20% of total RNA 
1 5% of total RNA 
-14% of total RNA 
-2:1 

0.2 1.0 xlO 6 

I. 0 3.4 x I0 4 

I I, 000 different messages 
500 different messages 
<10 different messages 
<0.004% of total mRNA 
<0.1% of total mRNA 
3% of total mRNA 



RNA content of cells in culture 



NIH/3T3 cells 



HeLa cells 
CHO ceils 



Total RNA (mRNA (uq /107 grfh) 



75 200 



100 300 
200 400 



mRNA (uq/107 cells) 



L5 4.0 



2 6 

3 6 
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UMRECHNUNGSTABELLEN 



I. Converslontable 



50 pmofes or 

3 x 10" molecules 



33 pmoles or 

2 x 10" m o| ecu | es 



25 pmofes or 

1.5 x 10" molecules 



20 pmoles or 

1.2 x 10" molecules 




pmoles or 
10 13 molecules 



14 pmoles or 

8.6 x 10*2 molecules 



12 pmoles or 

7,5 x 10*2 molecules 



10 pmoles or 

6 x 10" molecules 



8.3 pmoles or 

5 x 10" molecules 



7.1 pmoles or 

4.3 x 10" molecules 



6.3 pmoles or 

3.8 x 10" molecules 



5.6 pmoles or 

3.3 x 10" molecules 



5 pmoles or 

3 x 10" molecules 



II. Some useful nucleotide dimensions 

1 cm of DNA ~ 3 x 10 6 nucleotides 



Organism 



Base pairs/ 

haploid 

genome 



It 



Base pairs/ 

diploid 

genome 



Length/cell 



11 pmoles or 

6.6 x 10" molecules 



lO.l pg 



1 pg 



10 M g 



20 pg 



30 pg 



40 pg 



50 pg 



60 



pg 



70 pg 



80 pg 



90 



Mg 



100 pg 



120 pg 



140 pg 



160 pg 



180 pg 



200 



pg 



Mass 



rage i ot 4 
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fage 2 or 4 



Human 



Fly 



Yeast 



E. coli 



SV40 



3 x 10 9 



1-65 x 10 8 



1.35 x 10 7 



4.7 x 10 6 



5 x 10 3 



6 x 10 9 



3.3 x 10 8 



2.7 x 10 7 



2 meters 
(diploid) 



]|lOO cm (diploid) 



"|| 10 cm (doiploid) 



6 pg 



0.3 pg 



0.03 pg 



J l 1.5 cm (diploid) l [o.OQ45p Q 



1.7 nm 



0.000006 

pg 



III. Some 



S. cerevisiae 


5 pm 


volume 

66 pm 3 


|s. pom be 


2 x 7 pm 


22 pm 3 


[Mammalian cell 


10-20 pm 


500-4,000 pm 3 


E. coli 


1 x 3 pm 


2 pm 3 


Mammalian mitochondrion 


1 pm 


0.5 pm 3 


Mammalian nucleus 


5-10 pm 


66-500 pm 3 


Plant chloroplast 


1 x 4 pm 


3 pm 3 


Bacteriophage lambda 


50 nm (head only) 


6.6 x 10" 5 pm 3 


Ribosome 


30 nm diameter 


1.4 x 10-5 Mm 3 


Globular monomeric protein 


5 nm diameter 


||6.6 x 10" 8 pm 3 | 



III. Some useful concentrations 

x^i * r Detergent soluble protein =1-2 mq/ 10 7 

Total cell protein concentration mammalian cells oV 100-200 mg/ ml for soluble 

proteins only 

Specific protein conc entrations 

Nucleus (200 pm 3 ): 

Abundant 
transcription 

factor 1 nM (100,000 copies/ nucleus) 

Rare transcription 10 P M (1,000 copies/ nucleus) 

factor 

Se™m 50-100 mg/ ml 



IV. Some useful Conversiontables 
Molar conversions for protein 



|l00 pmol 


llua 1 


1 10,000 Da protein 


111 1 



http://www.medi2in.uni-tuebingen.d e /virologie/exp_viro/Exp_Viro_de/Forsch^ 3/8/05 
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Hage 3 of A 



11100,000 Da protein 



Protein/ D NA converging 

1 kb of DNA encodes 333 amino acids ~/= 3.7 x 10 4 



(Protein 


DNA | 


(10,000 Da 


(|270 dp 


130,000 Da 


11810 dp | 


100,000 Da 


12.7 do | 



Nucleic acid content of a typical human roll 



DNA per cell 
(Total RNA per cell 
(Proportion of total RNA in nucelus 
DNA: RNA in nucleus 


l~ 6 pg 

|~ 10-30 pg 

|~ 14% 


(Human genome size (haploid) 


~2:1 

3.3 x 10 9 bp 


(Coding sequences/ genomic DNA 


|3% 


Number of genes 


0.5-1 x 10 s 


Active genes 


1.5 x 10 4 


mRNA molecules 


2 x 10 5 - 1 x 10 6 


Typical mRNA size 


1900 nt | 



RNA distribution In a typ ica l m ammalia n 



(RNA species 


Relative amount 


IrRNA (28S, 18S, 5S) 


80-85% 


tRNAs, snRNAs, low MW species 


15-20% 


mRNAs 


1-5% | 



RNA content in various ce lls and tissues 



Source 




Total 
RNA 


mRNA 
(MO) 


Cell cultures (10 7 cells) 




30-500 


0.3-25 




NIH/3T3 


120 


3 




HeLa 


150 


3 




COS-7 


350 


5 










Mouse-developmental stages (per 
organism) 


Unfertilized egg 


0.43 ng 


nd 


! ! 


Oocyte 

1 — -i 


0.35 ng 


nd ] 



http://www.medizin.uni-tuebingen.de/virologie/exp_viro/Exp_Viro_de^orschung/Son 3/8/05 
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DNA content 



RNa content 



30-60 M9/ ml 
blood 
(6 pg/cein 



1-5 pg/ ml blood 



Hemoglobin content 



Plasma protein 
content 



60-80 mg/ ml 



~150 mg/ ml 
blood 

(30 pg/ce»1 



*From a healthy Individual. The leuimr«*o «.„ . " ~~ 

immunosuppression, to 40 * 10* t^aM^T"™ V3ry from 2 * "* per m, ,„ cases of 
and RNA content will vary according!! inflammatlon ' t0 500 x 10* during leu kem ia The DNA 



Bltte rneklen Sle defekte Links! 
Email: VWsbffla^ 



zum H^Hp^^ 



Mlt Urteil vom 12 Mai 1998 hat d L d 

alle InhaKe de, Seifen. zu denen Links fOh"an e ' gen ' DteM Erlda ™9 9<» «uf der Hom 8( L ao ^brJchten Unta' L ft)r 
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Docket No. 1000-10-CP 
SECOND SUPPL LORINCZ DECLARATION 

PATENT AND TRADEMARK OFFICE 



In Re Application of: James P. Elia 
Serial No.: 10/179,589 
Filed: June 25, 2002 

For: METHOD FOR GROWING 
HUMAN ORGANS AND 
SUBORGANS 

SECOND SUPPLEMENTAL DECLARATION 
OF ANDREW E. LORINCZ, M P 

I, Andrew E. Lorincz, declare as follows: 

1. I reside at 16135 NW 243 rd Way, High Springs, Florida 32643-3813. 

2. My Curriculum Vitae is attached was Exhibit A to my Declaration of November 
8, 2004. Paragraph 3 of my Declaration and my Supplemental Declaration of 
June 5, 2006 provide additional information regarding my background and 
experience. 

3. I have read the Examiner's criticism contained in paragraph 11, commencing on 
page 7 and ending on page 9 of the March 7, 2007 Office Action regarding the 
conversion of dosages of plasmid cDNA to dosages of cells. Such paragraph is 
set forth in Second Supplemental Exhibit A attached hereto. Specifically, I note 
the Examiner's criticism bridging pages 7 and 8 regarding the above-mentioned 
conversion that: 




Group Art Unit: 1646 
Examiner: Elizabeth Kemmerer 
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Docket No. 1000-10-CP 
SECOND SUPPL LORINCZ DECLARATION 



...one of skill in the art would never think to attempt such 
an extrapolation. The unsound scientific basis for the 
conversion of plasmid DNA to cellular equivalents would 
be obvious to anyone trained in molecular biology. 

I have read and understood the disclosures of the above-referenced patent 
application at page 4, line 1 through page 5, line 14; at page 13, lines 3-10; at 
page 22, line 5 through page 24, line 15; and at page 26, line 3 through page 27, 
line 3. A copy of such disclosures is attached hereto as Second Supplemental 
Declaration Exhibit B. 

I have also read and understood additional disclosures of the above-referenced 
patent application at page 9, lines 14-16; page 17, line 1 through page 20, line 8; 
page 21, lines 23 and 24; page 27, lines 1-3; page 28, lines 12-16; page 32, line 20 
through page 39, line 19; and page 44, lines 8-17. A copy of such additional 
disclosures is attached hereto as Second Supplemental Declaration Exhibit C. 

I have read and understood Applicant's conversion for dosages of plasmid cDNA 
to equivalent corresponding dosages of cells set forth in attached Second 
Supplemental Exhibit D as it relates to Examples 18 and 17 of the specification, 
which are contained in Second Supplemental Declaration Exhibit C. 

In my opinion, the Examiner's criticism specifically delineated in Paragraph 3 
above is not credible. Contrary to the Examiner's opinion, studies involving 
conversion of the average (mean) content of nucleic acids per cell in human 
marrow cells have been routinely conducted and accepted by skilled scientists for 
over 50 years. Three (3) publications illustrating the use of such well known 
conversion are included in the attached Second Supplemental Declaration Exhibit 
E. Note that in two of the publications, typical conversion results are set forth in 
tables, thereby eliminating the necessity to perform the actual calculation. 
Obviously, a sound scientific basis exists in the medical art for such conversions. 
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SECOND SUPPL LORINCZ DECLARATION 



Further, those skilled in the art understand that DNA content is substantially 
consistent from tissues of any given species. Consequently, a skilled medical 
person relying on sound scientific bases at the time of the present invention would 



basis. Applicant's use of 40 pg as an average weight for nucleic acids in a human 
cell is fairly representative. Thus, I find Applicant's conversion set forth in the 
attached Second Supplemental Declaration Exhibit D to be consistent with the 
extrapolations set forth above and commonly used and relied upon by skilled 
persons in the medical art. Accordingly, the dosages specified in Examples 18 
and 17 are sufficient to enable a person skilled in the medical art to convert 
dosages of plasmid DNA to corresponding dosages of genomic DNA within the 
context of Applicant's disclosed invention. 

Declarant states that the above opinion was reached independently. 



Declarant understands that (1) any willful false statements and the like made herein are 
punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may jeopardize the validity of 
the application or any patent issuing thereon, and (2) that all statements made of Declarant's own 
knowledge are true and that all statements made on information and belief are believed to be 
true. 

Further Declarant sayeth not. 



reasonably have understood how to extrapolate plasmid DNA to cells on a weight 
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Application/Control Number: 10/179,589 
Art Unit: 1647 



Page 7 



1 1 . Applicant admits on page 9 that Examples 17-19 employ nucleic acids, but asserts that 
one skilled in the art reading the specification, which teaches that cells, i.e., stem cells (BMC's) 
possess equivalent activity to genes (nucleic acids) and other genetic material in forming a new 
artery (i.e., promote morphogenesis of an organ — artery), would be able to easily extrapolate the 
number on a weight basis of mononuclear cells required to obtain equivalent results. According 
to the method for extrapolation provided in the footnote to pages 10-11, 250 jag of plasmid DNA 
(an amount described in Examples 17 and 18) divided by 40 pg, (asserted to be is the average 
DNA content of a cell; the species of cell is not disclosed) equals 6.25 x 10 6 , and therefore the 
Examples 17 and 18 instruct the skilled artisan to use 6.25 x 10 6 cells. This argument is not 
persuasive for several reasons. First, this method of converting plasmid DNA to cell equivalents 
is not included in the specification as filed. This is important because one of skill in the art would 
never think to attempt such an extrapolation. The unsound scientific basis for the conversion of 
Hg of plasmid DNA to cellular equivalents would be obvious to anyone trained in molecular 

- Al - 



Application/Control Number: 10/179,589 n „ 

' Page 8 

-Art Unit: 1647 

biology. One basic assumption of the recited conversion is that the 40 pg of cellular DNA 
comprises the same gene dosage a purified plasmid DNA. Every molecule of the postulated 
plasmid DNA comprises a copy of the VEGF cDNA. In contrast, VEGF coding sequences would 
comprise but one of 30-40 thousand genes in genomic DNA (at the time of filing, it was widely 
believed that the human genome comprised 100,000 genes). Therefore, one of skill in the art at 
the time of filing would not expect plasmid DNA and genomic DNA to be comparable on a per 
weight basis. Applicant's argument seems to view the living cell as little more than a container 
for DNA. The expression of the recombinant cDNA would be under control of the limited 
number of enhancer and promoter elements in the plasmid, as opposed the native control 
elements with the genome. Therefore, even equivalent gene doses would not be expected to yield 
equivalent amounts of gene product with a plasmid as opposed to a cell. Applicant's argument 
seems to view the living cell as little more than a container for DNA. Delivery of the genes to a 
target as recombinant DNA as opposed to native genes within a living cell are technically 
different processes; there is no basis for using one to guide the other. For example, with DNA 
one is concerned with chemical stability, efficiency of uptake, stable retention, and subsequent 
expression of the injected molecule into target cells, whereas with cells separate issues of 
formation of effective attachment to ECM and neighboring cells, short- and long-term viability, 
and responses to environmental cues arise. As evidence, one need look no further than the US 
Patent classification system. Methods of in vivo treatments involving whole live cells as 
opposed to nucleic acids are separately classified: class 424 subclass 93.1 (cells); class 514, 
subclass 44 (polynucleotides). These separate classifications indicate a different status in the art 
such that it is well known that cell therapy and gene therapy are not obvious variants of one 
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another. Therefore, contrary to Applicants assertion on page 9, the specification does not 
describe any dosage of cells to use to promote artery growth. 
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SECOND SUPPLEMENTAL 
DECLARATION 



EXHIBIT B 



DISCLOSURES 



APPL SERIAL NO 



EXHIBIT B 



DISCLOSURES 
APPLICATION SERIAL NO. 10/179,589 

PAGE 4. LINE 1 - PAGE 5. LINE 14 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 



PAGE 13, LINES 3-10 

Multifactorial and nonspecific cells (such as stem cells and germinal cells) can provide 
the necessary in vivo and in vitro cascade of genetic material once an implanted master control 
gene's transcription has been activated. Likewise, any host cell, cloned cell, cultured cell, or cell 
would work. Genetic switches (such as the insect hormone ecdysone) can be used to control 
genes inserted into humans and animals. These gene switches can also be used in cultured cells 
or other cells. Gene switches govern whether a gene is on or off making possible precise time of 
gene activity. 
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PAGE 22. LIN E 5 - PAGE 24, 1 IMP i « 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 
nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
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.(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
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factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 

PAGE 26. LINE 3 - PAGE 27. LINE 3 

Organs and/or tissues can be formed utilizing the patient's own cells. For example, a 
skin cell(s) is removed from the intraoral lining of a cheek. The cell is genetically screened to 
identify DNA damage or other structural and/or functional problems. Any existing prior art 
genetic screening technique can be utilized. Such methods can utilize lasers, DNA probes, PCR, 
or any other suitable device,. If the cell is damaged, a healthy undamaged cell is, if possible, 
identified and selected. If a healthy cell cannot be obtained, the damaged cell can be repaired by 
excision, alkylation, transition, or any other desired method. A growth factor(s) is added to the 
cell to facilitate dedifferentiation and then redifferentiation and morphogenesis into an organ or 
function specific tissue. Any machine known in the art can be used to check the genetic fitness 
of the organ and its stage of morphogenesis. A cell nutrient culture may or may not be utilized 
depending on the desired functional outcome (i.e., growth of an artery, of pancreatic Islet cells, 
of a heart, etc.) or other circumstances. Replantation can occur at any appropriate stage of 
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morphogenesis. The foregoing can be repeated without the patient's own cells if universal donor 
cells such as germinal cells are utilized. Germinal cells do not require a dedifferentiation. They 
simply differentiate into desired tissues or organs when properly stimulated. Similarly, the DNA 
utilized in the foreign procedure can come from the patient or from any desired source. 

During reimplantation one of the patient's own cells is returned to the patient. During 
implantation, a cell not originally obtained from the patient is inserted on or in the patient. 

In the example above, if germinal cells (and in some cases, stem cells) are utilized, a 
direct differentiation and morphogenesis into an organ can occur in vivo, ex vivo, or in vitro. 
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EXHIBIT C 

DISCLOSURES 
APPLICATION SERIAL NO. 10/179,589 

PAGE 9, LINES 14-16 

Morphogenesis or morphogenetics is the origin and evolution of morphological 
characters and is the growth and differentiation of cells and tissues during development. 

PAGE 17, LINE 1 - PAGE 20, LINE 8 

EXAMPLE 10 

MSX-1 and MSX-2 are the homeobox genes that control the generation and growth of a 
tooth. A sample of skin tissue is removed from the patient and the MSX-1 and MSX-2 
homeobox gene(s) are removed from skin tissue cells. The genes are stored in an appropriate 
nutrient culture medium. 

BMP-2 and BMP-4 growth factors are obtained by recombinant or natural extraction 

from bone. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 and 
102 degrees F. 

MSX-1 and MSX-2 transcription factors are obtained which will initiate the expression of 
the MSX-1 and MSX-2 homeobox genes. 



-CI - 



The MSX-1 and MSX-2 transcription factors, BMP-2 and MBP-4 bone morphogenic 
proteins, and MSX-1 and MSX-2 genes are added to the nutrient culture medium along with the 
living stem cells. 

EXAMPLE 11 

Example 10 is repeated except that the transcription factors bind to a receptor 
complex in the stem cell nucleus. 

EXAMPLE 12 

Example 10 is repeated except that the MSX-1 and MSX-2 transcription factors 
are not utilized. The transcription of the MSX-1 and MSX-2 homeobox genes is activated by 
applying an electric spark to the nutrient culture medium. 

EXAMPLE 13 

Example 10 is repeated except that the stem cells are starved and the transcription of the 
MSX-1 and MSX-2 homeobox genes is activated by applying an electric spark to the nutrient 
culture medium. 

EXAMPLE 14 

WT-1 and PAX genes are obtained from a sample of skin tissue removed from the 
patient. The genes are stored in an appropriate nutrient culture medium. PAX genes produce 
PAX-2 and other transcription factors. 
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BMP-7 and other kidney related BMP growth factors are obtained by recombinant or 
natural extraction from bone. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 to 
102 degrees F. 

The WT-1 and PAX genes, and BMP-7 and other kidney BMPS are added to the nutrient 
culture medium along with the living stem cells. 

A primitive kidney germ is produced. The kidney germ is transplanted in the patient's 
body near a large artery. As the kidney grows, its blood supply will be derived from the artery. 

EXAMPLE 15 

The Aniridia gene is obtained from a sample of skin tissue removed from the patient. 
The gene(s) is stored in an appropriate nutrient culture medium. 

Aniridia transcription factor (activates expression of the Aniridia gene) and growth 
factors (function to help stem cells differentiate during morphogenesis to form an eye) are 
obtained. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 to 
102 degrees F. 

The Aniridia transcription factor and growth factor and the Aniridia gene are added to the 
nutrient culture medium along with the living stem cells. 
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A primitive eye germ is produced. The eye germ is transplanted in the patient's body 
near the optic nerve. As the eye grows, its blood supply will be derived from nearby arteries. 

EXAMPLE 16 

The Aniridia gene is obtained from a sample of skin tissue removed from the patient. 
The gene(s) is stored in an appropriate nutrient culture medium. 

Aniridia transcription factor (activates expression of the Aniridia gene) and growth 
factors (function to help stem cells differentiate during morphogenesis to form an eye) are 
obtained and added to the nutrient culture medium. 

An eye germ develops. A branch of the nearby maxillary artery is translocated to a 
position adjacent the eye germ to promote the development of the eye germ. The eye germ 
matures into an eye which receives its blood supply from the maxillary artery. 

The term "cell nutrient culture" as used herein can include any or any combination of the 
following: the extracellular matrix; conventional cell culture nutrients; and/or, a cell nutrient 
such as a vitamin. As such, the cell nutrient culture can be two-dimensional, three- 
dimensional, or simply a nutrient, and is useful in promoting the processes of cellular 
dedifferentiation, redifferentiation, differentiation, growth, and development. 

PAGE 21, LINES 23- 24 

An organ, as used herein, consists of two or more kinds of tissues joined into one 
structure that has a certain task. 
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PAGE 27, LINES 1-3 

In the example above, if germinal cells (and in some cases, stem cells) are utilized a 
direct differentiation and morphogenesis into an organ can occur in vivo, ex vivo, or in vitro. 

PAGE 28, LINES 12-16 

Avascular necrosis can be corrected with the insertion of a gene(s) and/or growth factor 
or other genetic material in the body. For example, avascular necrosis is diagnosed near a joint 
space. VEGF or BMP genes, or VEFG or BMP growth factors produced by VEFG or BMP 
genes, respectively, or any other desired genetic based material can be inserted to regrow blood 
vessels and/or bone. 

PAGE 32, LINE 20 - PAGE 39, LINE 19 

EXAMPLE 17 

A 36-year old Caucasian male experiences pain in his left leg. A medical examination 
reveals a damaged one-inch long section of a large artery in his left leg. The examination also 
reveals that this damaged section of the artery is nearly completely clogged with plaque and that 
the wall of the artery is weakened. The weakening in the arterial wall makes attempting to clean 
out the artery risky and also makes it risky to attempt to insert a stent in the artery. 

Recombinant cDNA encoded to combine with a cell ribosome to produce the human 
growth factor VEGF is assembled into a eukaryotic expression plasmid. The recombinant 
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cDNA is from cDNA libraries prepared from HL60 leukemia cells and is known to cause the 
growth of arteries. The plasmid is maintained at a room temperature of 76 degrees F. 

The clones are placed in 1 .0 milliliters of a normal saline carrier solution at a room 
temperature of 76 degrees F. to produce a genetic carrier solution. The genetic carrier solution 
contains about 250 ug of the cDNA clones. A nutrient culture can, if desired, be utilized in 
conjunction with or in place of the saline carrier. Each clone is identical. If desired, only a 
single clone can be inserted in the normal saline carrier solution. The saline carrier solution 
comprises 0.09% by weight sodium chloride in water. A saline carrier solution is selected 
because it will not harm the DNA clone. 

Two sites are selected for injection of the genetic carrier solution. While the selection of 
sites can vary as desired, the sites are selected at the lower end (the end nearest the left foot of 
the patient) of the damaged section of the artery so that the new arterial section grown, can, if 
necessary, be used to take the place of the damaged section of the artery in the event the 
damaged section is removed. 

The first site is on the exterior wall of the artery on one side of the lower end of the 
damaged section of the artery. A containment system is placed at the first site. 

The second site is inside the wall of the artery on the other side of the lower end of the 

artery. 

The genetic carrier solution is heated to a temperature of 98.6 degrees F. 0.25 milliliters 
of the genetic carrier solution is injected into the containment system at the first site. 0.25 
milliliters of the genetic carrier solution is injected at the second site inside the wall of the artery. 
Care is taken to slowly inject the genetic carrier solution to avoid entry of the solution into the 
artery such that blood stream will carry away the cDNA in the solution. 
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After two weeks, an MRI is taken which shows the patient's leg artery. The MRI reveals 
new growth at the first and second sites. 

After four weeks, another MRI is taken which shows the patient's leg artery. The MRI 
shows that (1) at the first site, a new artery is growing adjacent the patient's original leg artery, 
and (2) at the second site, a new section of artery is growing integral with the original artery, i.e., 
at the second site the new section of artery is lengthening the original artery, much like inserting 
a new section of hose in a garden hose concentric with the longitudinal axis of the garden hose 
lengthens the garden hose. 

After about eight to twelve weeks, another MRI is taken which shows that the new artery 
growing adjacent the patient's original artery has grown to a length of about one inch and has 
integrated itself at each of its ends with the original artery such that blood flows through the new 
section of artery. The MRI also shows that the new artery at the second site has grown to a 
length of one-half inch. 

In any of the examples of the practice of the invention included herein, cell nutrient 
culture can be included with the gene, the growth factor, the extracellular matrix, or the 
environmental factors. 

In any of the examples of the practice of the invention included herein, the concept of 
gene redundancy can be applied. For example, the Examples 1 to 14 concerning a tooth list the 
genes MSX-1 and MSX-2. These genes differ by only two base pairs. Either gene alone may be 
sufficient. A further example of redundancy occurs in growth factors. Looking at the Examples 
10 to 14, BMP4 or BMP2 alone may be sufficient. Redundancy can also be utilized in 
connection with transcription factors, extracellular matrices, environmental factors, cell nutrient 
culture, physiological nutrient cultures, vectors, promoters, etc. 
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One embodiment of the invention inserts genetic material (gene, growth factor, ECM, 
etc.) into the body to induce the formation of an organ. Similar inducing materials ex vivo into or 
onto a living cell in an appropriate physiological nurturing environment will also induce the 
growth of an organ. The VCSEL laser allows early detection in a living cell of a morphogenic 
change indicating that organ formation has been initiated. With properly time transplantation, 
organ growth completes itself. 

During the ex vivo application of the invention, a gene and/or growth factor is inserted 
into a cell or a group of cells; an ECM or environmental factor(s) are placed around and in 
contact with a cell or group of cells; or, genetic material is inserted into a subunit of a cell to 
induce organ growth. An example of a subunit of a cell is an enucleated cell or a comparable 
artificially produced environment. In in vivo or ex vivo embodiments of the invention to induce 
the growth of an organ, the genes, growth factors, or other genetic material, as well as the 
environmental factors or cells utilized, can come from any desired source. 



EXAMPLE 18 

Genetically produced materials are inserted in the body to cause the body to grow, 
reproduce, and replace in vivo a clogged artery in the heart. This is an example of site-specific 
gene expression. A plasmid expression vector containing an enhancer/promoter is utilized to aid 
in the transfer of the gene into muscle cells. The enhancer is utilized to drive the specific 
expression of the transcriptional activator. After the enhancer drives the expression of the 
transcriptional activator, the transcriptional activator transactivates the muscle/artery genes. 
Saline is used as a carrier. Cardiac muscle can take up naked DNA injection intramuscularly. 
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Injecting plasmid DNA into cardiac (or skeletal) muscle results in expression of the transgene in 
cardiac myocytes for several weeks or longer. 

Readily available off-the-shelf (RAOTS) cDNA clones for recombinant human 
VEFG165, isolated from cDNA libraries prepared from HL60 leukemia cells, are assembled in a 
RAOTS expression plasmid utilizing 736bp CMV promoter/enhancer to drive VEGF expression. 
Other RAOTS promoters can be utilized to drive VEGF expression for longer periods of time. 
Other RAOTS recombinant clones of angiogenic growth factors other than VEGF can be 
utilized, for example, fibroblast growth factor family, endothelial cell growth factor, etc. 
Downstream from the VEGF cDNA is an SV40 polyadenylation sequence. These fragments 
occur in the RAOTS pUCl 18 vector, which includes an Escherichia coli origin of replication and 
the Beta lactamase gene for ampicillin resistance. 

The RAOTS construct is placed into a RAOTS 3 ml syringe with neutral pH physiologic 
saline at room temperature (or body temperature of about 73 degrees C). The syringe has a 
RAOTS 27 gauge needle. 

Access to the cardiac muscle is gained by open-heart surgery, endoscopic surgery, direct 
injection of the needle with incision, or by any other desired means. The cardiac muscle 
immediately adjacent a clogged artery is slowly injected with the RAOTS construct during a five 
second time period. Injection is slow to avoid leakage through the external covering of muscle 
cells. About 0.5 ml to 1.0 ml (milliliter) of fluid is injected containing approximately 500 ug 
phVEGF165 in saline (N=18). The readily available off-the-shelf cDNA clones cause vascular 
growth which automatically integrates itself with the cardiac muscle. Anatomic evidence of 
collateral artery formation is observed by the 30 th day following injection to the RAOTS 
construct. One end of the artery integrates itself in the heart wall to receive blood from the heart. 
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The other end of the artery branches into increasingly smaller blood vessels to distribute blood 
into the heart muscle. Once the growth of the new artery is completed, the new artery is left in 
place in the heart wall. Transplantation of the new artery is not required. 

Blood flow through the new artery is calculated in a number of ways. For example, 
Doppler-derived flow can be determined by electromagnetic flowmeters (using, for example, a 
Doppler Flowmeter sold by Parks Medical Electronic of Aloha, Oregon) both in vitro and in 
vivo. Also, RAOTS angiograms or any other readily available commercial devices can be 
utilized. 

VEGF gene expression can be evaluated by readily available off-the-shelf polymerase 
chain reaction (PCR) techniques. 

If controls are desired, the plasmid pGSVLacZ containing a nuclear targeted Beta- 
galactosidase sequence coupled to the simian virus 40 early promoter can be used. To evaluate 
efficiency, a promoter-matched reporter plasmid, pCMV Beta (available from Clontech of Palo 
Alto, California), which encodes Beta-galactosidase under control of CMV promoter/enhancer, 
can be utilized. Other RAOTS products can be utilized if desired. 

EXAMPLE 19 

A patient, a forty-year old African- American female in good health, has been missing 
tooth number 24 for ten years. The space in her mouth in which her number 24 tooth originally 
resided is empty. All other teeth except tooth number 24 are present in the patient's mouth. The 
patient desires a new tooth in the empty "number 24" space in her mouth. 
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A full thickness mucoperiosteal flap surgery is utilized to expose the bone in the number 
24 space. A slight tissue reflection into the number 23 tooth and number 25 tooth areas is carried 
out to insure adequate working conditions. 

A Midwest Quietair handpiece (or other off-the-shelf handpiece) utilizing a #701 XXL 
bur (Dentsply Midwest of Des Plaines, Illinois) (a #700, #557, #558, etc. bur can be utilized if 
desired) is used to excavate an implant opening or site in the bone. The implant opening is 
placed midway between the roots of the number 23 and number 25 teeth. The opening ends at a 
depth which is about fifteen millimeters and which approximates the depth of the apices of the 
roots of the number 23 and number 25 teeth. Care is taken not to perforate either the buccal or 
lingual wall of the bone. In addition, care is taken not to perforate or invade the periodontal 
ligament space of teeth numbers 23 and 25. 

An interrupted drilling technique is utilized to avoid overheating the bone when the 
#701 XXL bur is utilized to form the implant opening. During a drilling sequence, the drill is 
operated in five-second increments; and the handpiece is permitted to stall. Light pressure and a 
gentle downward stroke are utilized. 

PAGE 44, LINES 8-17 

EXAMPLE 35 

Example 17 is repeated except that the patient is a 55-year old Caucasian male, and the 
genetic carrier solution is injected into two sites in the coronary artery of the patient. The first 
site is on the exterior wall on one side of the artery. The second site is inside the wall of the 
artery on the other side of the artery. A section of the artery is damaged, is partially blocked, and 
has a weakened wall. The first and second sites are each below the damaged section of the 
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artery. Similar results are obtained, i.e., a new section of artery grows integral with the original 
artery, and a new section of artery grows adjacent the original artery. The new section of artery 
has integrated itself at either end with the original artery so that blood flows through the new 
section of artery. 
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SECOND SUPPLEMENTAL 
DECLARATION 



EXHIBIT D 



CONVERSION 



APPL. SERIAL XO. 10/179,589 



EXHIBIT D 
CONVERSION 



The conversion for dosages of nucleic acids to corresponding dosages of 
cells was conducted as follows. Examples 18 and 17 specified dosages of 
500 micrograms (ug) and 250 ug, respectively. The weight of nucleic 
acids of an average cell was considered to equal 40 picograms (pg). The 
described dosages of 250 and 500 ug when converted to pg by multiplying 
by 10 6 equals 250 x 10 6 pg and 500 x 10 6 pg. Since nucleic acids of an 
average cell have an average weight of 40 pg, a conversion is made by 
dividing 250 x 10 6 and 500 x 10 6 by 40 to arrive at the equivalent cell 
dosages, which are 6.25 x 10 6 and 12.5 xlO 6 , respectively. 
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SECOND SUPPLEMENTAL 
DECLARATION 



EXHIBIT E 



PUBLICATIONS (3) 



APPL. SERIAL \Q. 10 179.589 



PROCEEDINGS OP THE BIOCHEMICAL SOCIETY 

Studies on the Average Content of Nucfeto , « 

I. Lksh, and J. C^X^l^r? MaiTOW Cells. By J. N. Datosok, 
Department of Pathology, Po^rXJel^^T^ 0 ^ °' ^ot,, and £ 

In extension of previoualy reported analyses of the 

deoxyribonucleic acid phosphorus (DNAP) and 

nbonuoleio acid phosphorus (KNAP) content of 

aspirated human bono marrow (Davidson Leslin a 

White. 1947. 1948). we now report a ^^* 

involving enumeration of the nucleated cell content 

of the samples analysed. Reeulta are expressed in 

terms of DNAP and KNAP per cell (Table 1). and 

are average values for the growing and adult cell 

populations of the analysed samples. The recent 

results o f Vendrely A Vendrely (1948. 1949) and of 

TIZ* ? o M (1M9) BUgge8t » 8tri king constancy in 
the DNAP content of normal cell nuclei from the 
tissues of any given species, and our figures for 
1M* AP are of the same order as those quoted by the 
Vendrelys for human liver nuolei. 

There is no significant difference between the 
means for the normal and the leukemic series, either 
as a whole, or considering only acute leukaemia prior 
to therapy. 

A -small series of 6 cases of iron-deficiency anaemia 
has not shown significant variation of the mean 
DNAP and KNAP per cell from normal. 

Results obtained from cases of pernicious and 
other megaloblastic anaemias are shown in Tables 2 
and 3. 

It muBt be noted clearly that the group under 



therapy cannot be considered as returned to normal 
either as regard* blood picture, marrow cytology or" 
adequacy of therapy. The significant fail in KNAP 
^m that in the group prior to therapy parallels the 
general mcreaee ,n maturity of the marrow under 
therapy. Cases fully treated and returned to normal 
are under investigation. 

Table 1 

N ormal human marrow 

Valuee of Nucleic Acid Phosphorua (NAP) in 
Mg- x I0-* per cell 

DNAP RNAP 

18 obs. 20 obs. 

on 16 on 18 

individuals individuals 

Mean 8.54 6 . 33 

S.B. of obs. 2-89 3-03 

Observed range 4 0-1 6 0 2-1-13-6 

Marrow from cases of leukaemia of various types, 
before and during therapy 



Ratio 
RNAP/ 
DNAP 

0-75 
0-326 
0-43-1.9 



Mean 

s.b. of obs. 
Observed range 



28 obs. on 
15 cases 

8-75 
305 
3&-17-4 



24 obs 
12 



on 



7-59 
3-72 
2-6-17-4 



0-90 
0-30 
0-3-1-8 



Table 2. 



Cases of pernicious anaemia and other megaloblastic anaemias 
NAP in ,ig. x 10-' per cell 
DNAP 



Group as a whole 



Group prior to therapy 



Group during the course 



Group 
of th< 



lerapy 



Mean 

8.E. 

Observed range 
Mean 

8.B. 

Observed range 

Mean 
8.B. 

Observed range 

Table 3. ttest 



28 obs. on 12 cases 
12-6 
4*56 
6-6-22-8 

12 obs. on 12 cases 
12-67 
417 

17 obs. on 8 oases 
12-63 
4-36 
6-6-16-8 



RNAP 
10-9 
5-03 
2-3-25-1 

11 obs. on 11 cases 
13-38 
619 

7-5-25-1 

15 obs. on 8 oases 
909 
4 21 
2-3-17-6 



Ratio DNAP/RNAP 
28 obs. on 13 cases 
0-87 

0- 27 
0-35-1-5 

12 obs. on 12 cases 

1- 06 
0-249 

0*69-1-5 

16 obs. on 9 

0-73 
0198 
0*35-1 0 



Megaloblastic series as a whole 

compared with normal series 
Megaloblastic series before 

therapy oompared with 

normal 

Megaloblastic series during 
therapy oompared with 
normal 

Megaloblastic series before and P 
during therapy oompared Degrees of freedom 



Degrees of freedom 
P 

Degrees of freedom 
P 

Degrees of freedom 



of significance between means 

DNAP RNAP 
< 0-001 <0-001 

44 Highly significant 44 Highly significant 
0-01-OO01 <0001 

28 Highly significant 29 Highly significant 

0-01-0-001 0-05-0-02 

33 Highly significant 33 Significant 



0-7-0-6 
27 Not significant 



0*05-0-02 
24 Significant 



Ratio RNAP/DNAP 

0-2-0-1 
46 Not significant 

0-01-0*001 
30 Highly significant 

0-8-0-7 
34 Not significant 

<0-001 
26 Highly significant 
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PROCEEDINGS OF THE BIOCHEMICAL SOCIETY ^ 

REFERENCES 

"St^"^"^ Biochtm. ^ A. E. & Ris, H . (1*49,. ^ ^ 163 

Davids J. N., Ledie. I. & ^ite. J. C . (1048) J JW v T . ' 

Vendrdy, R. & Vendwly, C. (1949 . J m. 



So * A ' ^ " " W ^ ^^^^AX^'O^ <~ 

So far no iso^ted enzyme haa been inhibited by 

^T^' The hypothesis has been advanced by 



Table 1. 



f L fl . v.^ ~ V . ' «w ™ixius, 1949) that 

the inhibition of citrate oxidation, occurring also 

mmg effect of an enzymically synthesized fluoro. 
tncarboxyke acid m the Krebe tricarboxylic acid 

Wath? nff f BufeTPeterB & 

Wakehn (1950) have isolated, from guinea-pi* 
kidney homogenatee treated with fluoroaoetate; a 
tncarboxyke fraction, which is 'active' in pre 
venting disappearance of added citrate. This active 
fraction ia mainly citrate; it contains no fluoro- 
acetate, but there is present a small amount of 

a w" C ^ P °!?? dw ^ fe0 ^^g~Phic^yinsepar. 
able from the tricarboxylic acids ^ 

We have tried to And the exact point of inhibition 

m the enzymes of the tricarboxylic acid cycle £ 

determining the effect of the 'active' fractions upon 

aconitase (Johnson. 1939), isocitric dehydrogen^ 

(Adler, Euler, Gunther & Plaas, 1939) andoxX 

l^ 0 ^ 00 ^^ 1 ^ (0choa * Weiss-Tabori, 
1948), obtamed from rat and pig heart tissue 

even when amounts of 'active' fraction weT used 
80 tunes larger than those inhibiting citrate dis- 
appearance in the kidney homo^enatea. 

All tiie evidence from experiments in vivo and in 
v£o(1 mitochondrial homogenates) point* to in- 
hibition by the 'active' compound at either ttie 



Hat heart aconitase 

Citrio acid (/unol.) 



Tune (min.) 

Additions: 
ew-Aoonitate (5 /unol ) 
^-AoomUte + « active' fraction 
Cttrat*(6,imoL) 
Citrate + 'active ■ fraction 



0-21 
0*08 
4-90 
6-27 



60 

3- 90 
8-96 

4- 34 
4-38 



Table 2. Pig heart isocitric dehydrogenase 



DL-wocitrate only 
Same + •active* fraction 
Same +p-ohloromerouricbenBoio acid 
1*33 x \Qr*u 



(max. value) 

007A-O-066 
0-076 
0-004 



Table 3. Pig heart oxalosucoinic decarboxylase 
(CO, evolution from 10/anol. oxaloeuooinate in 30 min 
at 13-5° C. Net values) 

CO, OJ.) 

Enzyme alone 

Eoryme + 'active * fraction to 
Enzyme + Di^wocitrate (control) 14 

aconitaseor isocitric dehydrogenase stage. Hence, 
we are led to the conclusion that the complete 
system has properties not present in its isolated 
ff 6 components. Whether these be due to 

r^L°^ < Tfif a ^° n ° r to mia8in « components 
must be decided by further work. 



XTwiSS A - & WakeUn - R - w - <»«»• 1- 
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Append ix 
Nucleic Acids 




Nucleic Acids 

Content and Distribution 



Mucleic acids in an averag e h..m a » ce „ 

DNA 

Coding sequences 
Number of genes 
Active genes 

Total RNA 
iRNAs 

tRNAs, snRNAs, and low mol. wt RNA 
mRNAs 
nuclear RNA 



~6 pg/cella 

3% of genomic DNA 

0.51.0 x I0 5 

1.5 x 104 




of each message for: 
Low abundance mRNA (5 15 copies/cell) 
totOTnediate abundance mRNA (200 400 copies/cell) 
High abundan ce mRNA f 12. QQQ copies/cell 

30-60 ug/ml blood for human leukocytes. 
I - 5 ug/ml blood for human leukocytes. 
Average size of mRNA molecule = 1930 bases. 



~10 50 pg/cellb 
80 85% of total RNA 
15 20% of total RNA 
1 5% of total RNA 
-14% of total RN A 
2:1 



1-0 3.4 xlO 4 " 
1 1,000 different messages 
500 different messages 
<10 different messa ges 



<0.004% of total mRNA 
<0.1% of total mRNA 
3% of total mRNA 
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UMRECHNUNGSTABELLEN 

I. Conversiontable 



i'age I ot 4 



Molecular weight (dattons^ 



100 



1,000 



10,000 



20,000 



30,000 



40,000 



50,000 



60,000 



70,000 



[80,000 



90,000 



100,000 



120,000 



140,000 



160,000 



180,000 



200,000 



II- Some useful nucleotide dimensions 

1 cm of DNA ~ 3 x 10 6 nucleotides 



7.5 x 10 12 molecules 



11 pmoles or 
6.6 x 10 12 molecules 



10 pmoles or 

6 x 10 12 molecules 



8.3 pmoles or 

5 x 10 12 molecules 



7.1 pmoles or 
4.3 x 10* 2 molecules 



6.3 pmoles or 
3.8 x IP* 2 molecules 



5.6 pmoles or 
3.3 x 10 12 molecules 



5 pmoles or 

3 x 10 12 molecules 



Base pairs/ 
Organism |f haplo id 
[genome 



Base pairs/ 

diploid 

genome 



Length/cell 



ipg 

|10 nmoles or 
6 x 10 15 molecules 


Ulnmole | 

P* 1 Mg 


1 1 nmole or 

J 6 x 10 14 molecules 


I 1 M9 II 


100 pmoles or 
6 x 10 13 molecules 


| 10 pg 


50 pmoles or 

3 x 10 13 molecules 


20 pg 


33 pmoles or ] 
2 x 10 13 molecules 


30 pg 


25 pmoles or 

1.5 x 10 13 molecules 


40 pg 


20 pmoles or 

1.2 x 10 13 molecules 


50 M g J 


17 pmoles or 
10 13 molecules 


60 pg j 


14 pmoles or | 
8.6 x 10 12 molecules 


70 M g 



Mass 
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III. Some useful cell dimensions 



Mammalian cell 
\e. coli 



Organism 



S. cerevislae 



S. pombe 



Mammalian mitochondrion 



Mammalian n u cle us 



Plant chloroplast 



Bacteriophage lambda 



Ribosome 



Globular monomeric protein 



Dimensions 



5 pm 



2 x 7 pm 



10-20 pm 



1 x 3 pm 



1 pm 



5-10 pm 



1 x4 pm 



Volume 



66 pm 3 



22 pm 3 



500-4,000 pm 3 



2 pm : 



0.5 pm 3 



66-500 pm 3 



3 pm 3 



30 nm diameter 



50 nm (head only) |[ 6 .6 x 1Q-5 um3 



5 nm diameter 



1.4 x 10-5 pm 3 



6.6 x 10" 8 pm 3 



III. Some useful concentrations 

proteins only 

Specific protein copr^r^,^ 

Nucleus (200 pm 3 ): 

Abundant 
transcription 

factor 1 nM (100,000 copies/ nucleus) 

Rare transcription 10 PM (1,000 copies/ nucleus) 

factor 

^ 50-100 mg/ ml 



IV. Some useful Conversiontables 
Molar c onversions for p rotein 



|l00 pmol 


MO | 


1 10,000 Da protein 
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100,000 Da protein 



Protein/ DNA convftrcinn^ 

1 kb of DNA encodes 333 amino acids ~/= 3 .7 x 10* Da 



|Protein 


DNA 


1 


1 10,000 Da 


||270 dp 


J 


30,000 Da 


11810 dp 


~l 


1 100,000 Da 


2,7 dp 


1 
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Nucleic add content of a »y p ica , humail „„„ 




RNA distribution in a tv nical m * mm *v, nn rn „ 



RNA species 



[rRNA (28S, 18S. ssi 



Relative amount 



80-85% 



ItRNAs, snRNAs, low MW species llisono/,. 



mRNAs 



1-5% 



RNA content in various cells and 
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[Function 



JjLeukocyes [[Thrombocyte^ 



[Cells per ml 



J Immune response j lwound closinn 



|4-7 x 10 6 



DNA content 



RNa content 



Hemoglobin content 



Plasma protein 
content 



30-60 pg/ ml 
blood 

1(6 pg/cell) 



1-5 pg/ ml blood 




|3-4 x IP** 



Erythrocytes 



Q 2 & CQ 2 transport 



5 x 10* 



1~150 mg/ ml 
blood 
(30 pg/cein 



*From a healthy individual. The leukocyte concentre™ „ 

immunosuppression, to 40 x 106 duri ' ln ^^ 2 * "* per ml in cases of 

and RNA content will vary accordingly ,nnammaHon ' to 500 x 10* during leukemia. The DNA 



zum Hgnpfflngnr, 



Bitte mefden Sle defekte Links! 
email: Webrna^et 



Mit Urteif vom 12. Mai 1998 hat das I anH«««~u* u 

alle Innate der Seten. ZU denen Links fOhren. 3 ' Ertdanjn 9 8« «r alle auf der Homepage ausgebrachten Linta und fdr 
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EXHIBIT E 

Third Supplemental Declaration of 
Richard Heuser, M.D., F.A.C.C., F.A.C.P. 

Filed in co-pending Appl. Serial No, 10/179,589 



Appl. Serial No. 09/064,000 
Amendment April 20, 2007 



